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Inhibition of p38 Kinase Using Symmetrical and Unsymmetrical Diphenyl Ureas 

15 Field of the Invention 

This invention relates to the use of a group of aiyl ureas in treating cytokine mediated 
diseases and proteolytic enzyme mediated diseases, and pharmaceutical compositions for 
use in such therapy. 

20 Background of the Invention 

Two classes of effector moleodes which are oritical for the progression of xheumatoid 
arthritis are pro-inflammatory cytokines and tissue degrading proteases. Recently, a 
family of kinases was described which is instrumental in controlling the transcription and 
translation of the structural genes codmg for these eflGector molecules. 

25 

The mitogen-activated piotein (MAP) kinase fionily is made iq) of a series of structurally 
related proline-direoted serine/threonine kinases which are activated either by growth 
factors (such as EGF) and photbol esters (ERK), or by IL-1, TNFa or stress (p38, JNK). 
The MAP kinases are responsible for the activation of a wide variety of transcription 

30 factors and proteins involved in transcriptional control of cytokine production. A pair of 
novel protein kinases involved in the regulation of cytokine synthesis was recently 
described by a group from SmithKline Beecham (Lee et al. Nature 1994, 572, 739). 
These oizymes were isolated based on dieir affinity to bond to a class of compounds, 
named CSAIDSs (cytokine siqppressive anti-inflammatory drags) by SKB. The CSAIDs, 

35 bicyclic pyridinyl imidazoles, have been shown to have cytokine inhibitory activity both 
in vitro and in vivo. The isolated cozymes^ CSBP-1 and -2 (CSAID bindmg protem 1 and 
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2) have been cloned and expressed. A murine homologue for CSBP-2, p38, has also been 
reported (Han et al. Science 1994, 265, 808). 

Early studies suggested that CSAIDs function by interfering with m-RNA translational 
5 events during cytokine biosynthesis. Inhibition of p38 has been shown to inhibit both 
cytokine production (eg., TNFa, EL-l, IL-6, IL-8) and proteolytic enzyme production 
(eg., MMP-1, MMP-3) in vitro and/or in vivo. 



Clinical studies have linked TNFa production and/or signaling to a number of diseases 

10 including rfieumatoid arthritis (Maini, J. Royal Coll Physicians London 1996, 30, 344). 
In addition, excessive levels of TNFa have been implicated in a wide variety of 
inflammatory and/or immunomodulatory diseases, including acute rheumatic fever 
(Yegin et al. Lancet 1997, 349, 170), bone resorption (Pacifici et al. J, Clin. Endocrinol 
Metabol 1997» 82, 29), postmenopausal osteoperosis (Pacifici et al. /. Bone Mineral Res. 

15 1996, 77, 1043), sepsis (BlackwcU et aL Br. J. Anaestk 1996, 77, 110), gram negative 
sepsis (Debets et al. Prog. Clin. Biol Res. 1989, 308, 463), septic shock (Tracey et al. 
Nature 1987, 330, 662; Girardin et al. New England J. Med. 1988, 319, 397), endotoxic 
shock (Beutler et al. Science 1985, 229, 869; Ashkenasi et al. Proc, Nat 7. Acad. ScL USA 
1991, 88, 10535), toxic shock syndrome, (Saha et al. /. Immunol 1996, 757, 3869; Lina 

20 et al. FEMS Immunol Med. Microbiol 1996, J 3, 81), systemic inflammatory response 
syndrome (Anon. Crit. Care Med. 1992, 20, 864), inflammatory bowel diseases 
(Stokkers et al. /. Inflamm. 1995-6, 47, 97) including Crohn's disease (van Devoiter et 
al. Aliment. Pharmacol Therapeu. 1996, 10 (Suppl 2), 107; van Dullmiaa et al. 
Gastroenterology 1995, 709, 129) and ulcerative colitis (Masuda et al. J. Clin. Lab. 

25 Immunol 1995, 46^ 111), Jarisch-Hoxheimer reactions (Fekade et al. New England J. 
Med. 1996» 335, 311), asthma (Amrani et al. Rev. Malad. Respir. 1996, 13, 539% adult 
respiratory distress syndrome (Roten et al. Am. Rev. Respir. Dis. 1991» 143, 590; Suter et 
aL Am. Rev. Respir. Dis. 1992, 145, 1016), acute puhnonaiy fifarotic diseases CPan et al. 
Pathol Int. 1996, 46, 91), pulmonary sarcoidosis (Isfaioka et al. Sarcoidosis Vasculitis 

30 Diffuse Lung Dis. 1996, 13, 139), allergic respiratoiy diseases (Casale et al. Am. J. 
Respir. Cell Mol Biol 1996, 75, 35), silicosis (Gossart et al. /. Immunol 1996, 156, 
1540; Vanhee et al. Eur. Respir. J. 1995, 8, 834), coal worker's pneumoconiosis (Boim 
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et al. Am. Rev. Respir Dis, 1988, 138, 1589), alveolar injuiy (Horinouchi et aL Am. J. 
Respir. Cell Mol Biol 1996, 14, 1044), hepatic failure (Gantner et al. 1 Pharmacol Exp, 
Therap, 1997, 280, 53), liver disease during acute inflammation (Kim et al. J. Biol 
Chem. 1997, 272, 1402), severe alcoholic hepatitis (Bird et al. Ann. Intern. Med. 1990, 

5 112, 917), malaria (Grau et al. Immunol Rev, 1989, 112, 49; Taveme et al. Parasitol 
Today 1996, 12, 290) including Plasmodium falciparum malaria (Perlmaim et al. Infect. 
Immunit, 1997, 65, 116) and cerebral malaria (Rudin et al. Am, J, Pathol 1997, 150, 
257), non-insulin-dependent diabetes mellitus (NIDDM; Stephens et al, J, Biol Chem, 
1997, 272, 971; Ofei et al. Diabetes 1996, 45, 881), congestive heart failure Poyama et 

10 al. Int. J. Cardiol 1996, 54, 217; McMurray et al. Br, Heart J, 1991, 66, 356), damage 
following heart disease (Malkiel et al. Mol Med, Today 1996, 2, 336), atherosclerosis 
(Parums et al. J. Pathol 1996, 779, A46), Alzheimer's disease (Fagarasan et al. Brain 
Res. 1996, 725, 231; Aisen et al. Gerontology 1997, 43, 143), acute encephalitis 
(Ichiyama et al. J. Neurol 1996, 243, 457), brain injury (Cannon et al. Crit. Care Med. 

15 1992, 20, 1414; Hansbrough et al. Surg. Clin. N. Am. 1987, 67, 69; Marano et al. Surg. 
Gynecol Obstetr. 1990, 170, 32), multiple sclerosis (M.S.; Coyle. Adv. Neuroimmunol 
1996, 6, 143; Matusevicius et al. J. Neuroimmunol 1996, 66, 1 15) including demyelation 
and oligiodendrocyte loss in multiple sclerosis (Brosnan et al. Brain Pathol 1996, 6, 
243), advanced cancer (MucWieizgon et al. J. Biol Regulators Homeostatic Agents 

20 1996, 10, 25), lymphoid malignancies (Levy et al. Crit. Rev. Immunol 1996, 16, 31), 
pancreatitis (Exley et al. Gut 1992, 33, 1 126) including syst^ic complications in acute 
pancreatitis (McKay et al. Br. J. Surg. 1996, 83, 919), impaired wound healing in 
infection inflammation and cancer (Buck et al. Am. J. Pathol 1996, 149, 195), 
myelodysplastic syndromes (Raza et al. Int. J, Hematol 1996, 63, 265), systemic lupus 

25 eiythematosus (Mauiy et aL Arthritis Rheum. 1989, 32, 146), biliary cirrhosis (Miller et 
al. Am. J. Gastero&aerolog. 1992, 87, 465), bowel necrosis (Sun et al. J. Qin. Invest. 
1988, 8U 1328), psoriasis (Christophers. Austr. J. Dermatol 1996, 57, S4), radiation 
injury (Redlich et al. /. Immunol 1996, 157, 1705), and toxicity following administration 
of monoclonal antibodies such as 0KT3 (Brod et al. Neurology 1996, 46, 1633). TNFa 

30 levels have also been related to host-versiis-grafi reactions (Piguet et al. Immunol Ser. 
1992, 56, 409) includmg ischemia reperfusion injury (CoUetti et al. J. Clin. Invest 1989, 
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85, 1333) and allograft rejections including those of the kidney (Maury at al. X Exp. Med. 
1987, 166y 1 132), liver (Imagawa et al. Transplantation 1990, 5(7, 219), heart (Boiling et 
aL Transplantation 1992, 53, 283), and skin (Stevens et al. Transplant. Proc. 1990, 22, 
1924), lung allograft rejection ((jiossman et al. Immunol Allergy Clin. N. Am. 1989, P, 
5 153) including chronic lung allograft rejection (obliterative bronchitis; LoCicero et al. J. 
Thorac. Cardiovasc. Surg. 1990, PP, 1059), as well as complications due to total hip 
replacement (Cirino et al. Life Scu 1996, 59, 86). TNFa has also been linked to 
infectious diseases (review: Beutler et al. CriL Care Med, 1993, 2i, 5423; Degre. 
Biotherapy 1996, ^,219) including tuberculosis (Rook et al. Med. Malad. Infect 1996, 

10 26, 904), Helicobacter pylori infection during peptic ulcer disease (Beales et al. 
Gastroenterology 1997, 112, 136), Chaga's disease resulting from Trypanosoma cruzi 
infection (Chandrasekar et al. Biochem. Biophys. Res. Commun. 1996, 225, 365), effects 
of Shiga-like toxin resulting from E. coli infection (Harel et al. J. Clin. Invest. 1992, 56, 
40), the effects of enterotoxin A resulting from St^hylococcus infection (Fischer et al. J. 

15 Immunol. 1990, 144, 4663), meningococcal infection (Waage et al. Lancet 1987, 355; 
Ossege et al. J. Neurolog. ScL 1996, 144, 1), and infections from Borrelia bmgdorferi 
(Brandt et al. Infect. Immunol. 1990, 58, 983), Tr^onema pallidum (Chamberlin et al. 
Infect. Immunol. 1989, 57, 2872), cytomegalovinis (CMV; Geist et al. Am. J. Respir. Cell 
Mol Biol 1997, 16, 31), influenza virus (Beutler et al. Clin. Res. 1986, 34, 491a), Sendai 

20 virus (Goldfield et al. Proc. Natl Acad Sci, USA 1989, 87, 1490), Theiler's 
encq)halomyelitis virus (Sierra et al. Immunology 1993, 78, 399), and the human 
immunodeficiency virus (HIV; Poli. Proc. Natl Acad. ScL USA 1990, 87, 782; 
Vyakaram et al. AIDS 1990, 4, 21; Badley et al. J. Exp. Med 1997, 185, 55). 

25 Because inhibition of p38 leads to inhibition of TNFa induction, p38 inhibitors will be 
useful in Heatanent of the above listed diseases. 

A number of diseases are thought to be mediated by excess or undesiied matrix- 
destroying m^lopiotease (MMP) activity or by an imbalance in the ratio of the MMPs 
30 to the tissue inhibitors of metalloproteinases (TIMPs). These include osteoarthritis 
(Woessnor et al. J. Biol Chem. 1984, 259, 3633), rheumatoid arthritis (MuUins et al. 
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Biochim. Biophys. Acta 1983, 595, 1 17; WooUey et al Arthritis Rheum. 1977, 20, 1231; 
Gravallese et al. Arthritis Rheum. 1991, 34, 1076), septic arfliritis (WUliams et al. 
Arthritis Rheum. 1990, 33, 533), tumor metastasis (Reich et al. Cancer Res. 1988, 48, 
3307; Matrisian et al. Proc. Natl Acad. ScL, USA 1986, 83, 9413), periodontal diseases 
5 (Overall et al. J. Periodontal Res. 1987, 22, 81), corneal ulceration (Bums et al. Invest. 
Opthalmol. Vis. Sci. 1989, 30, 1569), proteinuria (Baricos et al. Biochem. 1 1988, 254, 
609), coronary thrombosis from atherosclerotic plaque rupture (Henney et al. Proc. Natl 
Acad Sci., USA 1991, 88, 8154), aneurysmal aortic disease (Vine et al. Clin. Sci. 1991, 
81, 233), birth control (Woessner et al. Steroids 1989, 54, 491), dystrophobic 
10 epidermolysis bullosa (Kronberger et al. /. Invest. Dermatol 1982, 79, 208), 
degenerative cartilage loss following traumatic joint injury, osteopenias mediated by 
NfMP activity, tempero mandibular joint disease, and demyelating diseases of the 
nervous system (Chantiy et al. J. Neurochem. 1988, 50, 688). 

15 Because inhibition of p38 leads to inhibition of MMP production, p38 inhibitors will be 
usefid in treatment of the above listed diseases. 

Inhibitors of p38 are active in animal models of TNFa production, including a muiroe 
Upopolysaccharide (LPS) model of TNFa production. Inhibitors of p38 are active in a 

20 number of standard animal models of inflammatory diseases, including cairageenan- 
induced edema in the rat paw, arachadonic acid-induced edema in the rat paw, 
amchadonic acid-induced peritonitis in the mouse, fetal rat long bone resorption, murine 
type n coUagenrinduced arthritis, and Fmend*5 adjuvant-induced arthritis in the rat 
Thus, inhibitors of p38 will be useful in treating diseases mediated by one or more of the 

25 above-mentioned cytokines and/or proteolytic eo^mes. 

The need for new therapies is especially important in the case of arthritic diseases. The 
primary disabling efifect of osteoarthritis, riieumatoid arthritis and sqitic arthritis is tfie 
progressive loss of articular cartilage and thereby normal joint function. No marketed 
30 pharmaceutical agent is able to prevent or slow fliis cartilage loss, although nonsteroidal 
antiinflammatory drugs (NSAEDs) have been givoi to control pain and swelling. The 
end result of <hese diseases is total loss of joint fimction ^N)ai€ti is ordy treatable by joint 
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replacement surgery. P38 inhibitors will halt or reverse the progression of cartilage loss 
and obviate or delay surgical intervention. 

Several patents have appeared claiming polyaiylimidazoles and/or compounds containing 
5 polyarylimidazoles as inhibitors of p38 (for example, Lee et al WO 95/07922; Adams et 
al. WO 95/02591; Adams et al. WO 95/13067; Adams et al. WO 95/31451). It has been 
reported that arylimidazoles complex to the fenric form of cytochrome P450g^ (Harris et 
aL MoL Eng. 1995, 5, 143, and references therein), causing concern that these 
compounds may display structure-related toxicity (Howard-Martin et al. Toxicol Pathol 
10 1987, /5, 369). Therefore, there rcmiains a need for improved p38 inhibitors. 

Summary of tte Invention 

This invention provides compounds, generally described as aryl ureas, including both axyl 
15 and heteioaryl analogues, which inhibit p38 mediated events and dius inhibit the 
production of cytokines (such as TOFa, IL-1 and IL-8) and proteolytic enzymes (such as 
MMP-1 and MMP-3). The invCTtion also provides a method of treating a cjrtokine 
mediated disease state in humans or mammals, wherein the cytokine is one whose 
production is affected by p38. Examples of such cytokines include, but are not limited to 
20 TNFa, IL-1 and IL-8. The invention also provides a method of treating a protease 
mediated disease state in humans or mammals, wherein the protease is one whose 
production is afifected by p38. Examples of such proteases include, but are not limited to 
collagenase ^lMP-1) and stromelysin (MMP-3). 

25 Accordingly, these compoimds are useful therapeutic agents for such acute and chronic 
inflammatory and/or immunomodulatory diseases as dieumatoid artiuitis, osteoarthritis, 
septic arthritis, rfaetunatic fever, bone resorption, postmenopausal osteopmisis, sepsis, 
gram negative sepsis, septic shock, endotoxic shock, toxic shock syndrome, systemic 
inflammatory response syndrome, inflammatory bowel diseases including C}rohn*s 

30 disease and ulcerative colitis, Jarisch-Hoididmer reactions, asthma, adult respiratory 
distress syndrcnne, acute ptilmonary fibrotic diseases, pulmonary sarcoidosis, allofgic 
ceqiiratory diseases, silicosis^ coal worker's pneumoconiosis, alveolar injury, hepatic 
fidhire, liver disease during acute inflammation, severe alcoholic hq»atitis, malaria 
inc ludin g Plasmodium falciparum malaria and cerebral malaria, non-insulin-dependent 

35 diabetes mellitus (NIDDM), congestive heart failure, damage following heart disease. 
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atherosclo-osis, Abdieimer's disease, acute encq^halitis, brain injury, multiple sclerosis 
including demyelation and oligiodendrocyte loss in multiple sclerosis, advanced cancer, 
lymphoid malignancies, tumor metastasis, pancreatitis, including systonic complications 
in acute pancreatitis, impaired wound healing in infection, inflammation and cancer, 
periodontal diseases, corneal ulcmtion, proteinuria, myelodysplastic syndromes, 
systemic lupus erythematosus, biliary cirdiosis, bowel necrosis, psoriasis, radiation 
injury, toxicity following administration of monoclonal antibodies such as 0KT3, host- 
versus-graft reactions including ischemia reperfiision injury and allograft rejections 
including kidney, liver, heart, and skin allograft rejections, lung allograft rejection 
including chronic lung allograft rejection (obliterative bronchitis) as well as 
complications due to total hip replacement, and infectious diseases including 
tuberculosis, Helicobacter pylori infection during peptic ulcer disease, Chaga's disease 
resulting from Trypanosoma cruzi infection, effects of Shiga-like toxin resulting from E, 
coli infection, effects of enterotoxin A residting from Staphylococcus infection, 
meningococcal infection, and infections from Boxrelia burgdorferi, Treponema pallidum, 
cj^omegalovirus, influenza virus, Theiler*s encephalomyelitis virus, and the human 
immunodeficiency virus (HIV). 

The present invention, therefore, provides compounds genc^ly described as aryl ureas, 
includmg both aiyl and heteroaiyl analogues, which inhibit the p38 pathway. The 
invention also provides a method for treatmmt of p38-mediated disease states in humans 
or mammals, e.g., disease states mediated by one or more cytokines or proteolytic 
enzymes produced and/or activated by a p38 mediated process. Thiis, the invention is 
directed to compounds and methods for the treatment of diseases mediated by p38 kinase 
comprising administering a conq^ound of Formula I 



B-NH 




NH-A 



30 wherein 



wo 99/32463 



8 



PCT/US98/2726S 



A is 




B is a substituted or unsubstituted. up to tricyclic aryl or heteroaiyl moiety of up to 30 
carbon atoms with at least one 6-member aromatic structure containing 0-4 members of 
Ae group consisting of nitrogen, oxygen and sulfur, wherein if B is substituted, it is 
substimted by one or more substiments selected from die group consisting of halogen, 
up to per-halo, and W„, wherein n is 0-3 and each W is mdependently selected from the 
group consisting of -CN, -CO^R', -C(0)NR'R', -C(0)-R', -NO^. -OR'. -SK\ -NR'R', 
-NR'C(0)OR\ -NR'C(0)R', C,<:„ alkyl. Q.,o.alkenyl, C,.„.alkoxy, Cj-Cjo cycloaikyl. 
CtfC,4 aryl, CrCu alkaiyl, C,-C„ heteroaryl, C4-C» alkheteroaryl, substituted C,-C,o 
alkyl. substituted Cj.,o-alkenyI, substituted C,.,o-alkoxy, substituted Cj-Cjo cycloaikyl, 
substituted Q-Cjj alkheteroaiyl and Q-Ar; 

wherein if W is a substituted group, it is substituted by one or more substituents 
independraitly selected from the group consisting of -CN, -CXDiR', -C(0)R', 
-C(0)NR'R'. -OR', -SR'. -NR'R' . NO^, -NR'C(0)R', -NR'C(O)0R' and halogen vp 
to per-halo; 

wherem each R' is independentiy selected fromH, alkyl, Cj.,o-alkenyl, 
Cj-Cjo cycloaikyl. CVC,* aryl. C,-C„ hetaiyl, CyC^ alkaryl, C4-C0 alkheteioaryl, up 
to per-halosubstitated C,-C,o alkyl, vp to per-halosubstituted C,.,o-alkenyl, up to per- 
halosttbstituted CVC,o cydoalkyl, up to per-halosUbstituted Cj-C,* aryl and up to per- 
halosubstituted Q-Cu hetaiyl, 

wherein Q is - 0-, -S-, -N(R')-, -(Pl^„, -C(0)-. -CH(OH)-. -(Ctl^Ji-, 
-NR'C(0)NR'R' ., .NR'C(0)., -C(0)NR'-^.(CH^„S-, -(CH^„N(R'K -0(CH^„-, 
-CHX\ -CX-j-, -S-(CHj)„- and -N(R')(CH^-, 

m = 1-3, and ^ is halogoi; and 
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AaaS-lO member aromatic stmctwe containing 0-2 members of the group consisting 
ofiftogen, oxygen and sulfur, which, is unsubstituted or substituted by halogen up to 
peftlo and optionally substimted by wherein „, is 0 to 3 and each Z is 
inclpadently selected from the group consisting of of -CN. -CO^R^, -C(0)NRV. 

5 -CI^NR^ -C(0) R',.-NO,, -OR^ -SR^ -NR'R^ -NR'C(0)OR\ -NR^C(0)R\ CrC,o 
allf C3-C10 cycloalkyl, C^C^, aryl, CyC^^ hetaryl. €^-€2^ alkaryl, C4-C23 
alHteroaryl, substituted CrCjo alkyl, substituted C3-C10 cycloalkyl, substituted C7-C24 
allq^ and substituted C4-C23 alkheteroaryl; wherein the one or more substituents of Z 
is Acted from the group consisting of -CN, -C02R\ -C(0)NR^R\ -OR^ -SR\ -NOa, 

10 -NIP , -NR'C(0)R^ , -NR^C(0)OR^ 

R^'JT . R'* are each independently H» Ct.io-alkyI, optionally substituted by 

halogen, q> to perhalo, C,.]o alkoxy, optionally substituted by halogen, up to 
pexlialoalkoxy, halogen; NO2 orNHj; 
15 R"' is H, Ci.,o-aIkyl, C,.,o alkoxy, -NHCOR^ -NR*COR^ NO^; 




one of R*' , R** or R*" can be -X-Y, 

or 2 adjacent R^-R*" can together be an aryl or hetaryl ring with 5-12 atoms* 
optionally substituted by Ci.,o-alkyl, C,.,o alkoxy, Q.,© cycloalkyl, C2.,o alkenyl, 
20 C,4o alkanoyl, C^^ aryl, C5.12 hetaryl or C^j2 aralkyl; 

IS C|.,o-a]kyl optionally substituted by halogen, up to pexhalo; 

X is -CH2-, -S-, -N(CH3)-, -NHC(0)-, -CHj-S-, -S-CMj., -C(0)-, or -0-; and 

X is additionally a single bond where Y is pyridyl; 

Y is phenyl, pyridyl, naphthyl, pyridone, pyrazine, benzodioxane, benzopyridine, 
25 pyaiifine or baizotiiiazole, each optionally substituted by 
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^^y'»C,.,o-aIkoxy. halogen. OH <tru xr^ 




oraphaareuticallyacceptablesaltthe^of. 




SO^ or.^ -OR^l^'" 2^^^'"*^ NO.. 




or 



-ORlC( 



2 ^oent R'.R« can toeether 

""^l C^-Hao^l. lBloge«: -NR': .NO,; -CP,; 
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^ « C..,o-aIkyl; optionally substituferf h., k . " ^ is H or C,.,„- 

optionally i„con,o«ted in thea^, orhetarylri!^ '° " 

oncofR*,R3 orR«canbe-X-y, 

^ « C,.,o.aIkyi, optionally substituted by halogen . . 
P isOorl; ^°y^"°Sen,uptoperiiaIo; 

-^^tbyl. P^done, py^^-^'"^ 
pynmidineorbenzothiazole eachontin « benzopyridine. 



p 

X 
V 



15 




with theproviso thatifR^ andRW Wi. n 

^ «ebothH.oneofR«orRMsnota 
In fonnula I, suitable hetarvl eroun« n • . . 

"^•J". 3-. 1- or Sfyr^ . „ , ' ' " ^-''^'W. 1; 2-. 4- „ S. 
5-, 6- or 7-indolyL 12^* ' ^'^ <^ « 7^,en2othienyl, L. 2- 3. 

.3.. 

^ • ^» 5- 6- or T-benzisoxazolyl, I-, 3., 
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4-, 5-, 6- or T-benzothiazoIyl, 2% 5-, 6- or 7-benzisothiazoIyl, 2-, 4-, 5-, 6- or T-benz- 
l,3-oxadia2olyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-quinolinyI, 1-, 3-, 4-, 5-, 6-, 7-, 8- isoquinolinyl, 
2-, 3-, 4" or 9^arbazolyl, 2-, 3-, 4-, 6-, 7-, 8- or 9-acridinyl, or 2-, 4-, 5-, 6-, 7- 
or S-quinazoIinyl, or additionally optionally substituted phenyl, 2- or 3-thienyl, 1,3,4- 
5 thiadiazolyl^ 3-pynyI, 3-pyra2olyl» 2-thiazolyl or 5-thiazolyl, etc. For example, B can be 
4-methyl-phcnyl, 5-methyl-2-thienyl, 4-methyl-2-thicnyl, l-methyl-3-pyrryI, l-melhyl-3- 
pyrazolyl, 5-mediyl-2-thiazolyl or 5-metiiyH,2,4-tfaiadia2oK2-yl. 

Suitable alkyl groups and alkyi poitions of groups, e.g., alkoxy, etc. throughout include 
10 methyl, ethyl, propyl, butyl, etc., including all straight-chain and branched isomers such 
as isopiopyl, isobu^l, jec-butyl, /err-butyl, etc. 

Suitable atyl groups include, for exanq>le, phenyl and 1- and 2-naphthyL 

15 The term "cycloalkyr', as used herein, refers to cyclic structures with or without alkyl 
subsdtut^ts such that, for example, cycloakyl"' includes methyl substituted 
cyclopropyl groups as well as cyclobutyl groups. The term "cycloalkyl" also includes 
saturated heterocyclic groups. 

20 Suitable halogen groups include F, CI, Br, and/or I, fiom one to per-substitution (i.e. all H 
atoms on a group replaced by a halogen atom) bdng possible where an aUcyl group is 
substituted by halogen, mixed substitution of halogen atom types also being possible on a 
givm moiety. 

25 Preferred compounds of fomula I include those where is H, halogen or C,.,o-alkyl, 
optionally substituted by halogen, up to perhalo, NOj, -SO^F, - SOjCHFj; or -SOjCFj; R'* 
is H, C.io-alkyl, C,.,o-alkoxy, halogen or NO^; R^ is H, C|.,o-alkyI optionally substituted 
by halogen, up to peifaalo; R^ is H, hydroxy, C|.io-alkoxy, optionally substituted by at 
least one hydroxy groiq>; -COOR'; ^OR^CONHR'; *NHCOR'; -SR'; phenyl optionally 

30 substituted by halo or C,.,o-alko3Qr; NH,; -NCSO^R^, fiuyloxy. 

Preferably, R' is CI, F, C4.5-bxanched alkyl, -SO2F or -SO^CF,; and R^ is hydroxy; 
C|.,o-alkoxy opUonally substituted by at least one hydroxy group; -COOR^; - 
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OR'CONHR"; -NHCOR*; -SR'; phenyl optionally substituted by halo or C,.,o-alkoxy; 
NHj;-N(SOjR%furyloxy. 

More preferably, R* is t-butyl or CF, and R* is -OCH,. Preferably, R"' is C,.,o-alkyl or 
5 halogen; R^' is H, C,.,o-alkyI, halogen, CFj , halogen, NO^ or NHj; and R'^is H, C,.,o-alkyl, 
halogen, -NHCOCHj, -N(CH3)COCH„ NOj, 



R^ R* , R* and R* are each independently H, halogen, C,.,o- alkyl optionally substituted 
by halogen up to perhalo, C,.,o-alkoxy, optionally substituted by at least one hydroxy 
graap or halogen, up to peAalo; NO2 , SO2F or -SOjOHaX^., C,.,o-alkoxy; -COOR'; 
15 -OR'CONHR'; -NHCOR'; -SR'; «ryl optionally substituted by C,.,o-aIkyl, C,.,o 
alkoxy or halogen, Cj.^ hetaryl, optionally substitued by C,.,,, alkyl, C,.,o alkoxy or 
halogen ; NH,; -N(SO,R')2; fiuyloxy; 




The invration also relates to conqwunds per se, of formula n 




10 



wfaoein 
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2 adjacent R^-R* can together form an aryl or hetaiyl ring with 5-12 atoms, 
optionally substituted by C,.,o-alkyl, C,.io-alkoxy, C3.,o-cycloalkyl, Cj.jo-alkenyl, C,.,o- 
alkanoyl, C6.u-aryl , C5.i2.hetaryl, C^^z-aralkyl, C«.i2-alkaiyl, halogen; -MR*; -NO2; -CF3; 
-COOR'; -NHCOR'; -CN; ^CONR'R^ -SO^R^ -SOR^ -SR^ in which R> is H or C,.,o- 
5 alkyl and R^ is C|.,o-alkyl; 

R^' , R'* and R^' are each independently H, C,.,o-aIkyl, optionally substituted by 



2 adjacent R**-R*' can together be an aryl or hctaryl ring with 5-12 atoms; 
R^ is C,.,o-alkyl, optionally substituted by halogen, up to peihalo; 
n isOorl; 

1 5 with the provisos (hat 

(a) if and R^ are both H , one of R^ or R^ is not H, and 

(b) tiiat R^ is phenyl substituted by alkoxy or halogen, alkoxy substituted by 
hydroxy, -SOjCFjH. -OR'CONHR'. 



halogen, up to perhalo; NOj orNHj; 
is H. C,.,o-alkyl, halogen, -NHCOR'; -NR'COR^ NO^; 





20 



furyloxy or -N(SO^%; 
orR^is 




3 
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^ (c) if R« is phenyl substituted by alkoxv or h..« 

PKagreater than 10, e.g. greater than ^o \ "^"^^"^^ have a 

.g.,greaterthan 12.preferablygreaterthan 15. 

£Efesl5.tert.h„tvip^,T,y| „^.^^ 

N-(5.tert.Butyl-2.methoxyphenyl)-N' ^4 M *u 
N<5-tert-ButyI-2-.ethox^,^^^ 

N<5-tert-ButyK2-.ethoxlX^4^^^^^^ 
N.5-te«-Buty,...ethoxCS^^^ 

N-(5-tert-Butvl 2 m^,. u ^^"^^■Py"*"ylthio)phenyl)urea; 
and 

^•<^-^-B°»l-2-mea»xyphem-l>.N--r-W3™riH- n . 

/.^N -(*(3-i>yndmyi)nielhyipha^i)„^ 



wo 99/32463 



16 



PCT/US98/27265 



dichlorophenyl)urea; 
N-(5-Trifluoromethyl-2-methoxyphenyl)-N'-(4-(4-pyridinybnethyl)^ 
N-(5-Trifluoromethyl-2-methoxyphenyl)-N-(4-(4-pyridinyIthio)phen^ 
N-(5-Trifluoromethyl-2-methoxyph€nyl)-N'-(4-(4-pyridmyloxy)pheny^^ 
N-(5-Trifluoromethyl-2-methoxyphenyl)-N-(3-(4-pyridinylthio)phe^^^ and 
N-(5-Tiifluoromethyl-2-methoxyphenyl)-N'-<4-(3-(N-methylamm^ 

phenyloxy)phenyI)-urea. 

Preferred 5>sulfonvlphmvl ureas are : 

N-(5-Fluon>sulfonyl)-2-methoxyphenyI)-N-(4-metfaylphenyQ 

NH(5-(Diflun)meflianesidfonyl)-2-methoxyphenyl)-N''<4^ 

(Difluromethanesulfonyl)-2-methoxyphcnyl)-N'K4-^^ 

N-(5-(Diflun)methanesulfonyl)-2-methoxyphenyl)-NH4-met^^^ 

fluoiophenyl)urea; 

N-(5-(Difluromeflianesulfonyl)-2-methoxyphenyl)-N'-(4-mettiyl-3- 
fluorophenyl)urea; 

N-(5-{Difliiromethanesulfonyl)-2-methojg^henyl)-N'-(^ 
chlorophenyl)urea; 

N-(S-(Difiuromethanesulfonyl)-2-methoxyphenyl)-NX4-f^^ 

chloxpphmyQurea; 
N'<5-<I>ifliin>metfianesulfonyI)-2-methox^ 

mettiylphenyQuiea; 
NK5-^iflurometbanesulfonyl)-2-metIv)xyphrayI> 

and 

N-<5<rriflttozoinettiane8uIfonyl)-2-meA^ 

yrcfeKTTpd ?>n8phthy]l wcas m: 

N-(3-Methoxy-2-n^httiyl)-N'-(2-fluon)phenyl)urca; 
N<3-Methoxy-2-ii^hthyl)-N'<4-methylphenyI)urea; 
N-(3-Methoxy-2-ii^hthyl)-N'<3-fluorophenyl)urea; 
N<3-Methoxy-2-naphthyl)-NH4-metfayl-3-fIu0n}phCTyI)uie^ 
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N-(3-Methoxy-2-naphthyl)-N'-(2,3-dime%lphenyl)urca; 
N-(3-Methoxy-2-naphthyl)-N'-(l -naphthyOurea; 
N-(3-Methoxy-2-naphthyl)-NX4-<4.pyridinylmethyl)phenyI)i^ 
N-<3-Metboxy'2-naphthyl)-NH4-(4-pyridmylthio)phenyl)ure 
5 N'<3-MeAoxy-2-naphthyl>NH4*(4'methoxyphenyloxy)phenyI)iirea; and 

N-(3-Methoxy-2.naphthyl)-N'-(4-(4-(4,7-inethano. lH-isoindole-1 ,3(2H)- 
dionyl)methyl)phenyl)urea. 

Other prefeired ureas are : 
10 N-(2-'Hydroxy-4-nitro-5-chlorophenyl)-N'-(phenyl)iirea; and 

N-(2-Hydroxy-4.iutro-5-cUorophenyl)-N'-(4-(4-pyridmyto^ 

The present invention is also directed to phaimaceutically acceptable salts of formula L 
Suitable pbannaceutically accq>table salts are well knoivn to fliose skilled in the art and 

1 5 include basic salts of inorganic and organic acids» such as hydrochloric acid, hydrobromic 
acid, sulphuric acid, phosphoric acid, methanesulphonic acid, sulphonic acid, acetic acid, 
trifiuoioacetic acid, malic acid, tartaric acid, citric acid, lactic acid, oxalic acid, succuiic 
acid, fiimaric acid, maleic acid, benzoic acid, salicylic acid, phenylacetic acid, and 
mandelic acid. In addition, phamiaceutically acceptable salts include acid salts of 

20 moiganic bases, such as salts containing alkaline cations (e.g., Li* Na* or K^), alkaline 
earth cations (e.g., Mg*^ , Ca*^ or Ba*^), the ammoniuna cation, as well as acid salts of 
organic bases, including aliphatic and aromatic substituted ammonium, and quaternary 
ammonium cations, such as those arising from protonation or peralkylation of 
triethylamine, iV;iV^diethylamine, A^^AT-dicyclohexylamine, pyridine, N,N- 

25 dimethylaminopyridine pMAP), l,4-diazabiclo[2.2.2]octane (DABCO), 1,5- 
diazabicyclo[43.0]non*5^e (DBN) and l,8-diazabicyclo[5.4.0]undec-7-ene (DBU). 



30 



A number of the compounds of Formula I possess asymmetric caxbons and can therefore 
exist in racemic and optically active forms. Mettiods of separation of enantiomeric and 
diastmomeric mixtures are well known to one skilled in the art* The present invention 



wo 99/32463 



PCT/US98/2726S 



18 

encompasses any isolated racemic or optically active form of compounds described in 
Fonnula I which possess p38 kinase inhibitory activity. 



10 



General Preparative Mef|hods 

The compounds of Fonnula I may be prepared by use of known chemical reactions and 
procedures, some from starting materials which are commercially available. 
Nevertheless, the following general preparative methods are presented to aid one of skill 
in the art in synthesizing these compounds, with more detailed particular examples being 
presented in the experimental section describing ftie working examples. 



H2 / catalyst 



^ (eg.Ni.Pd.R)\^ 

AMO2 ► AfNHa 

X M(0) ^ 
(eg. Fe, Sn, Ca) 

Scheme I Reduction of Nitroaryls to Aryl Amines 



Nitroaryls are commonly fomed by electrophilic aromatic nitration using HNO3, or an 
alt^ative NOj^ source. Nitroaryls may be further elaborated prior to reduction. Thus, 
15 nitroaryls substituted with 



HNO3 

Ar-H ► ArNOa 



potential leaving grottps (eg. CI, Br, etc.) may undergo substitution reactions on 
treatment with nucleophiles, such as thiolate (exCTipIified in Scheme tT) or phenoxide, 
Nitroaryls may also undergo UUman-type coupling reactions (Scheie H). 
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O2N 




ArSH 



base 



1 




O2N 



S-Ar 



O2N 




CuO/base 



Scheme II Selected Nucleophilic Aromatic Substitution using Nitroaryls 

Nitroaryls may also undergo transition metal mediated cross coupling reactions. 
For example, nitroaryl electn>philes» such as nitroaryl bromides, iodides or triflates, 
5 undergo palladium mediated cross coupling reactions with aryl nucleophiles, such as 
aiylboronic acids (Suzuki reactions, exemplified below), aryltins (Stille reactions) or 
arylzincs (Negishi reaction) to afford the biaryl (5). 



Either nitroaryls or anilines may be converted mto the corresponding 
arenesulfonyl chloride (7) on treatment with chlorosulfonic acid. Reaction of the sulfonyl 
chloride with a fluoride source, such as KF then affords sulfonyl fluoride (8). Reaction of 
sulfonyl fluoride 8 with trimethylsilyl trifluorometfaane in the presence of a fluoride 

1 5 source, such as tris(dimethylamino)suIfonium difluorotrimethylsiliconate (TASF) leads to 
die corresponding trifluoiometfaylsulfone (9). Alternatively, sulfonyl chloride 7 may be 
reduced to the aroietfaiol (10), for emnple with zinc amalgam. Reaction of thiol 10 wifli 
CHCIF2 in the presence of base gives flie difiuoromethyl mercqitam (11), which may be 
oxidized to the wlfone (12) wifli any of a variety of oxidants, including (K)3*acetic 

20 aiihydride (Sedova et al. Zft. Org. Khinu 1970, tf, 568). 




10 



4 
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Scheme III Selected Methods of Fluorinated Aryl Sulfone Synthesis 

As shovm in Scheme IV, non-symmetrical urea foimation may involve reaction of 
an axyl isocyanate (14) with an aiyl amine (13). The heteroaiyl isocyanate may be 

5 synthesized &om a heteroaryl amine by treatment with phosgene or a phosgene 
equivalrat, such as trichloromethyl chloiofoimate (diphosgene), bis(trichloiomediyl) 
caibonate (triphosgene), or iS^^iST'-caibonyUiimidazole (Ca:>I). The isocyanate may also be 
derived fiom a heterocyclic catboxylic acid derivative, such as an ester, dxi acid halide or 
an anhydride by a Cuitius-type teaziangemeot. Thus, reaction of acid derivative 16 with 

10 an azide source, followed by leartangement affords flie isocyanate. The corresponding 
caiboxylic acid (17) may also be subjected to Curtius-type rearranganents using 
dipheny^hosphoryl azide (DPP A) or a simiter reagent 



5 
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Ar'-NHa 13 
COCJa 



1 



Ar-NCO ► ArV^,A„-Ar^ 

N N 

14 H H 

y W 15 



At 



Nay 


^DPPA 


O 


O 




Ar^^OH 


16 


17 



Scheme IV Selected Methods of Non-Symmetrical Urea Formation 

Finally, ureas may be fiirther manipulated using methods familiar to those skilled 
in the art. 



The invention also includes pharmaceutical compositions including a compound of 
Formula I, and a physiologically acceptable canier. 

The compounds may be administered orally, topically, parenterally, by inhalation or 
spray, vaginally, rectally or sublingually in dosage unit formulations. The term 
'administration by injection* includes intravenous, intramuscular, subcutaneous and 
parenteral injections, as well as use of infusion techniques. Dermal administration may 
include topical appUcation or transdermal administtatioa One or more compounds may 
be present in association with one or more non-toxic phannaceutically acceptable cairiets 
IS and ifdesired other active ingredients. 

Cooq>ositions intended for oral use msy be prqiared accoidipg to any suitable method 
known to the art for the manufacture of phamiaceutical compositions. Such compositions 
may contain one or more agents selected fiom fte group consisting of diluents^ 
20 sweetening agents, flavoring agents, colorii^ agents and preserving agents in order to 
provide jpalatable preparations. Tablets contain the active ingredient hi admixture with 
non-toxic phaimaceutically accq[rtable exdpients which are suitable for ttie manu&cture 
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of tablets. These excipients may be, for example, inert diluents, such as calcium 
carbonate, sodium carbonate, lactose, calcium phosphate or sodium phosphate; 
granulating and disintegrating agents, for example, com starch, or alginic acid; and 
binding agents, for example magnesium stearate, stearic acid or talc. Tht tablets may be 
5 uncoated or they may be coated by known techniques to delay dismt^gration and 
adsorption in the gastrointestinal tract and thereby provide a sustained action over a 
longer period. For example, a time delay material such as glyceryl monostearate or 
glyceryl distearate may be errq>loyed. These compounds may also be prepared in soUd, 
rapidly released form. 

10 

Formulations for oral use may also be presented as hard gelatin capsules wherein the 
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, 
calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredi^t is 
mixed with water or an oil medium, for ^cample peanut oil, hquid paraffin or olive oil. 

15 

Aqueous suspensions containing the active materials in admixtiu^ with excipients 
suitable for the manufacture of aqueous suspensions may also be used. Such excipients 
are suspending agents, for example sodium carboxymethylcellulose, methylcellulose, 
hydroxypropyl-methylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth 

20 and gum acacia; dispersing or wetting agents may be a iiaturally-occurring phosphatide, 
for example, lecithin, or condensation products of an alkylene oxide with btty acids, for 
example polyoxyettiylene stearate, or condrasation products of e&ylene oxide widi long 
chain aliphatic alcohols, for example heptadecaetfiyleneoxycetanol, or condmsation 
products of etfaylrae oxide witfi partial esters dmved Smn &tty acids and hexitol such as 

25 polyoxyethylene sorbitol monooleate, or condrasation products of ethylene oxide with 
partial esters derived fix>m fatty acids and hexitol anhydrides^ for example polyethylene 
sorbitan monooleate. The aqueous suspensions may also contain one or more 
preservatives, for example ethyl, or n-propyl, /i-hydroxybenzoate, one or more coloring 
agents, one or more flavoring agents, and one or more sweetening agents, such as sucrose 

30 or saccharin. 

Dispersible powders and granules suitable for preparation of an aqueous suspension by 
the addition of water provide the active ingredient in admixture with a dispersing or 
wetting agmt, suspending agent and one or more preservatives. Suitable dispersing or 
35 wettir^ agents and suspending agents are exraiplified by ttiose ahready mentioned above. 
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Additional excipients, for example, sweetening, flavoring and coloring agents, may also 
be present. 

The compounds may also be in the fonn of non-aqueous liquid formulations, e.g., oily 
S suspensions which may be fomiulated by suspending the active ingredimts in a vegetable 
oil, for example aiachis oil, olive oil, sesame oil or peanut oil, or in a mineral oil such as 
liquid paraffin. The oily suspensions may contain a thickening agent, for example 
beeswax, hard paraffin or cetyl alcohol. Sweetening agents such as those set forth above, 
and flavoring agents may be added to provide palatable oral preparations. These 
1 0 compositions may be preserved by tbe addition of ah anti-oxidant such as ascorbic acid. 

Compounds of the invention may also be administrated transdenxially using methods 
known to those skilled in the art (see, for example: Chien; ^'Transdemial Controlled 
Systemic Medications'*; Marcel Dekker, Inc.; 1987. Lipp et al. WO94/04157 3Mai94). 

15 For example, a solution or suspension of a compound of Formula I in a suitable volatile 
solvrat optionally containing penetration enhancing agents can be combined with 
additional additives known to those skilled in the ait, such as matrix materials and 
bacteriocides. After sterilization, the resulting mixture can be formulated following 
known procedures into dosage forms. In addition, on treatmrat with mulsifying agents 

20 and water, a solution or suspmsion of a compound of Formula I may be formulated into a 
lotion or salve. 

Suitable solvents for processing transdermal delivery systems are known to those skilled 
in the art, and include lower alcohols such as ethanol or isopropyl alcohol, lower ketones 

25 sucdi as acetone, lower carboxylic acid esters sudtx as ethyl acetate^ polar ethm such as 
tetrahydrofuran, lower hydrocarbons such as hexane, cyclohexane or benzene, or 
halogenated hydrocarbons such as dichlorometfaane, chloroform, trichlorotrifluoroethane, 
or trichlorofluoroethane. Suitable solvents may also include mixtures of one or more 
materials selected fix>m lower alcohols, lower ketones, lower carboxylic acid esters, polar 

30 ethers, lower hydrocarbons, halogenated hydrocarbons. 

Suitable penetration enhancing materials for transdermal delivery system are known to 
ttose skilled in ttie art, and include, for example, monohydroxy or polyhydroxy alcohols 
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such as ethanol, propylene glycol or benzyl alcohol, saturated or unsaturated Cg-C,g fatty 
alcohols such as lauryl alcohol or cetyl alcohol, saturated or unsaturated C^-Cy^ fatty 
acids such as stearic acid, saturated or unsaturated fatty esters with up to 24 carbons such 
as methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl isobutyl tertbutyl or monoglycerin 
5 esters of acetic acid, caprooic acid, lauric acid, myristinic acid, stearic acid, or palmitic 
acid, or diesters of saturated or unsaturated dicaiboxylic acids with a total of up to 24 
carbons such as diisopropyl adipate, diisobutyl adipate, diisopropyl sebacate, diisopropyl 
maleate, or diisopropyl fmnarate. Additional penetration enhancing materials include 
phosphatidyl d^vatives such as lecithin or cq)halin, Irenes, amides, ketones, ureas and 

10 iheir derivatives, and ethers such as dimediyl isosoxbid and diethyleneglycol monoefhyl 
ether. Suitable pmetration enhancing formulations may also include mixtures of one or 
more materials selected from monohydroxy or polyhydroxy alcohols, saturated or 
unsaturated Cg-Cig fatty alcohols, saturated or unsaturated Ce-Cja fatty acids, saturated or 
unsaturated &tty esters with up to 24 carbons, diesters of saturated or unsaturated 

IS discarboxyUc acids with a total of up to 24 carbons, phosphatidyl derivatives, terpenes, 
amides, ketones, ureas and dieir derivatives, and ethos. 

Suitable binding materials for tFansdennal delivery systems are known to those skilled in 
die art and include polyacrylates, silicones^ polyurettianes, block polymers, 
20 styrraebutadiene cxqiloymos, and natural and synthetic rubbers. Cellulose etheis, 
derivatized polyethylenes, and silicates may also be used as matrix componmts. 
Additional additives, such as viscous resins or oils may be added to increase the viscosity 
of the matrix. 

25 Pharmaceutical compositions of the invention may also be in (he form of oil-in-water 
emulsions. The oil phase may be a vegetable oil, for example olive oil or arachis oil, or a 
mineral oil, for example liquid panifiSn or mixtures of these. Suitable emulsifying agrats 
may be naturally-occurring gums, for «anq)le gum acacia or gum tragacantfa, naturally- 
occuning pho^hatides, for exanq>le soy bean, lecithin, and esters or partial esters derived 

30 from fitty acids and hexitol anhydrides, for exanqile sorbitan monooleate, and 
condosation products of the said partial ^ters with ethylene oxide, for example 
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polyoxyethylene sorbitan monooleate. The emulsions may also contain sweetening and 
flavoring agents. 

Syrups and elixirs may be formulated with sweetening agents, for example glycerol, 
S propylene glycol, sorbitol or sucrose. Such formiilations may also contain a demulcent, a 
preservative and flavoring and coloring agents. 

The compounds may also be administered in the form of suppositories for rectal 
administration of the dmg. These compositions can be prepared by mixing the dmg with 
10 a suitable non-irritating excipient which is solid at ordinary temperatures but liquid at the 
rectal or vaginal temperature and will therefore melt in the rectum or vagina to release the 
drug. Such materials include cocoa butter and polyethylene glycols. 

For all regimoQS of use disclosed herein for compoimds of Formula I, the daily oral 
IS dosage regimen will preferably be fiom 0.01 to 200 mg/Kg of total body weight Hie 
daily dosage for administration by injection, including intravenous, intramuscular, 
subcutaneous and parenteral mjections, and use of infusion techniques will preferably be 
fiDom 0.01 to 200 mg/Kg of total body weight. The daily vaginal dosage regimen will 
preferably be fix>m 0.01 to 200 mg/Kg of total body weight. The daily rectal dosage 
20 regimen will preferably be fiom 0.01 to 200 mg/Kg of total body weight. The transdermal 
concentration will preferably be that required to maintain a daily dose of 6om 0.01 to 200 
mg/Kg. The daily topical dosage regimen will preferably be fiom 0.1 to 200 mg 
administered between one to four times daily. The daily inhalation dosage regimen will 
preferably be fiom 0.01 to 10 mg/Kg of total body weight. 

25 

It will be iqypreciated by those skilled in the art that the particular method of 
administration will dq^end on a variety of &ctors, all of which are consid^ied routinely 
when administ^ing therapeutics. It will also be understood, however, that the specific 
dose level for a giv^ patient depends on a variety of fiu:tors, including specific activity 

30 of tfie compound administered, the age of the patient, the body weight of the patient, the 
g^ieral health of the patient, the gender of the patient, the diet of Ae patient, time of 
administration, route of administration, rate of excretion, drug combination, and the 
severity of the condition undergoing ther^y, etc. It will be further appreciated by one 
skilled in the art that the optimal course of treatment, i.e., the mode of treatment and the 

35 daily number of doses of a compound of Formula I or a pharmaceutically accqitable salt 
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thereof given for a defined number of days, can be ascertained by those skilled in the art 
using conventional course of treatmment tests. 

The compounds of Figure I are producible from known compounds (or from stalling 
5 matoials which, in turn, are producible from known compounds), e.g., through the 
general preparative methods shown above. The activity of a given compound to inhibit 
raf kinase can be routinely assayed, e.g., according to procedures disclosed below. The 
following examples are for illustrative purposes only and are not intended, nor should 
they be construde to limit the invention in any way. 

10 

The entire disclosure of all applications, patents and publications cited above and below 
are hereby incorporated by reference, including provisional ^^lication serial nunber 
attorney docket number Bayer 10-Vl, filed on December 22, 1997 as serial number 
08/995,749, and converted on December 22, 1998. 

15 

The foUowmg examples are for illustrative purposes only and are not intended, nor 
should they be construed to limit the invration in any way. 

EXAMPLES 

20 All reactions were performed in flame-dried or oven-dried glassware under a positive 
pressure of dry argon or dry nitrogen, and were stirred magnetically unless otherwise 
indicated. Smsitive liquids and solutions were tiansfmed via syringe or cannula, and 
introduced into reaction vessels through mbber sq>ta. Unless otherwise stated, the term 
'concentration und^ reduced pressure* refm to use of a Buchi rotary evsporator at 

25 approximately 15 mmHg. 

All toqieratures are reported unconected in degrees Celsius CQ. Unless otherwise 
indicated, all parts and percoitages aic by wdght 

30 Commercial grade reagents and solvents were used wifliout fuztiier purification. Thin- 
layer chromatography (TLC) was performed using Whatman^ pre*coated glass-backed 
silica gel 60A F-254 250 pm plates. Visualization of plates was efifected by one or more 
of the following techniques: (a) ultraviolet illumination, (b) exposure to iodine vapor, (c) 
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immersion of the plate in a 10% solution of phosphomolybdic acid in ethanol followed by 
heating, (d) immersion of the plate in a cerium sulfate solution followed by heating, 
and/or (e) immersion of the plate in an acidic ethanol solution of 2,4- 
dinitrophenylhydrazine followed by heating. Column chromatogniphy (flash 
5 chromatography) was perforaied using 230-400 mesh EM Science® silica gel. 

Melting points (mp) were determined using a Thomas-Hoover melting point ^paratus or 
a Mettler FP66 automated melting point apparatus and are unconected. Fourier 
transform infrared sprectra were obtained using a Mattson 4020 Galaxy Series 

10 spectrophotometer. Proton ('H) nuclear magnetic resonance (NMR) spectra were 
measured with a General Electric GN-Qmega 300 (300 MHz) spectrometer with either 
Me4Si (d 0.00) or residual protonated solvent (CHCI3 8 7.26; MeOH 5 3.30; DMSO 6 
2.49) as standard. Carbon ("C) NMR spectra were measured with a General Electric GN- 
Omega 300 (75 MHz) spectrometer with solvent (CDCI3 6 77.0; MeOD-da; S 49.0; 

IS DMSO-d« 5 39.5) as standard. Low r^Iution mass spectra (MS) and hi^ resolution 
mass spectra (HRMS) were eitfier obtained as electron impact (EI) mass spectra or as fist 
atom bombardment (FAB) mass spectra. Electron impact mass spectra (EI-MS) were 
obtained with a Hewlett Packard 5989A mass ^ectrometer equipped with a Vacumetrics 
Desorption Chemical Ionization Probe for sample introduction. The ion source was 

20 maintained at 250 ^C. Electron irqsaet ioriization was performed with electron eneigy of 
70 eV and a trap current of 300 fiA. Liquid*cesium secondary ion mass spectra (FAB- 
MS), an updated version of &st atom bombardment were obtained using a Kratos 
Concept 1-H spectrometer. Chemical ionization mass spectm (CI-MS) were obtained 
using a Hewlett Packard MS-Engine (S989A) with methane or ammonia as the reagent 

25 gas (1x10^ torr to 2.5x10^ torr). The direct insertion desorption chemical ionization 
(DQ) probe (Vaccumetrics, Inc.) was ramped from 0*1.5 amps in 10 sec and held at 10 
zmps until all traces of the sample dis^peared ( '-1-2 min). Spectra were scanned fiom 
50-800 amu at 2 sec per scan. HPLC - electrosfpray mass spectra (HPLC ES-MS) were 
obtained using a Hewlett-Packard 1100 HPLC equipped with a quaternary punq>, a 

30 variable wavdengtfa detector, a C-18 column, and a Fiimigan LCQ ion trap mass 
spectrometer witti electrospray ionization. Spectra were scanned fiom 120-800 amu 
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using a variable ion time according to the nxunber of ions in the source. Gas 
chromatography - ion selective mass spectra (GC-MS) were obtained with a Hewlett 
Packard 5890 gas chromatogr^h equipped with an HP-1 methyl silicone column (0.33 
mM coating; 25 m x 0.2 nmi) and a Hewlett Packard 5971 Mass Selective Detector 
5 (ionization energy 70 eV). Elemental analyses are conducted by Robertson Microlit 
Labs, Madison NJ. 

All compounds displayed NMR spectra, LRMS and either elemental analysis or HRMS 
consistant with assigned structures. 

10 

List of Abbreviations and Acronyms: 



AcOH acetic acid 

anh anhydrous 

BOC r^-butoxycarbonyl 

15 cone concentrated 

dec decomposition 

DMPU l,3-dimethyI-3,4,S,6-tetrahydro-2(lH)-pyrimidinone 

DMF JSr^AT-dimetfaylfonnamide 

DMSO dimetfaylsulfoxide 

20 DPPA diphenylphosphoryl azide 

EtOAc ethyl acetate 

EtOH ethanol (100%) 

EtaO diethyl ether 

EtjN tiiethylamine 

25 m-CPBA 3-chloroperoxybenzoic acid 

MeOH methanol 

pet ether petioleum ether (boiling range 30-60 ^C) 

THF tetrahydrofuran 

TFA trifiuoroac^c add 

30 Tf trifluoromethanesulfonyl 
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A. General Methods for Synthesis of Substituted Anilines 
Al. Synthesis of 2^Dioxopyrrolidinylanilines 




Stqt 1. 4-/^-ButyI-l-(2,S-dioxo-l-pyrroIldinyl)-2^itrobenzene: To a solution of 4- 
5 /erf-butyl-2-nitioaniIine (1.04 g, S.3S nunol) in xylene (25 mL) was added succinic 
anhydride (0.0535 & 535 nunol) and triethylamine (0.75 mL, 5.35 nunol). The reaction 
mixture was heated at Ifae reflux temp, for 24 h, cooled to room temp, and diluted with 
EtjO (25 mL). The resulting mixture was sequentially washed widi a 10% HCI solution 
(50 mL), a saturated NH4CI solution (50 mL) and a saturated NaCl solution (50 mL), 
10 dried (MgS04), and concentrated under reduced pressure. The residue was purified by 
flash cromatography (60% EtOAc/40% hexane) to yield the succinimide as a yellow solid 
(1.2 g, 86%): mp 135-138 "»C; 'H NMR (CHCl,) 6 1.38 (s, 9H). 2.94-2.96 (m, 4H), 7.29- 
7.31 (m, IH), 7.74-7.78 (m, IH), 8.18-8.19 (m, IH). 




1 5 Step 2. 5-/e//-BatyI-2-(2,5-dioxo-]-pyrrolidfaiyl)anUine: To a solution of A-tert-hntyl- 
l-(2,5-dioxo-l-pynolidinyl)-2-nitrob«izene (1.1 g, 4.2 mmol) in EtOAc (25 mL) was 
added a 10% Pd/C (0.1 g). The resulting sluny was placed under a atmosphere using 
3 cycles of an evacoate-quendi protocol and vm allowed to stir under a atmosphere 
for 8 h. The reaction mixture was filtered tfaiougih a pad of Celite* and the residue was 

20 wacbed with CHCI3. The combined jBltmte was concentrated unda* reduced pressure to 
yieW the desired aniline as an off-white solid (0.75 g, 78%): mp 208-211 'H-NMR 
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(DMSO-d^) £23 (s» 9H), 2.62-2.76 (m. 4H), 5.10 (br s, 2H), 6.52-6,56 (m, IH), 6.67- 
6.70 (m,2H). 

A2. GenoiM efbod for the Synthesis of Tetrahydrofuranylozyanilines 




Step 1.4-/e/4ityM-(3-tetrahydrofuranyloxy)-2-nitrobeDzene: To a solution of 4- 
/er/-butyI-2-aDphenol (1.05 g, 5.4 mmol) in anh THF (25 mL) was added 3- 
hydroxytetrapBofuran (0.47 g, 5.4 mmol) and triphenylphosphine (1.55 g, 5.9 mmol) 
followed by ttyl azodicarboxylate (0.93 ml, 5.9 irnnol) and (tie mixture was allowed to 
stir at rooma^. for 4 h. The resultuqg mixture was dihited with EtjO (50 mL) and 
washed withariurated NH4CI solution (50 mL) and a saturated NaCl solution (50 mL), 
dried (MgSQIand concaitiated under reduced pressure. The readue was purified by 
flash cromatpvhy (30% EtOAc/70% hexane) to yield the desired ether as a yeUow 
solid (1.3 gJK): 'H-NMR (CHQ,) 6 UO (s. 9H), 2.18-2^4 (m. 2H), 3.9M.09 (m. 
4H), 5.00-5^ IH), 6.93 (d. ^.8 Hz. IK), 7J2 (dd, ^.6, 8.8 Hz, IH). 7.81 (d, 
^2.6 Hz, ill 




Step2.5-rehKtyI-2-(3>tetrahydrofaranylo^)8niline: To a solution of 4-/er/-butyl-l- 
(3-tetrabydrciwyloxy)-2-nitroben2ene (1.17 g, 4.4 mmol) in EtOAc (25 mL) was 
added 10% K (0.1). The resulting slurry was placed under a Hj atmosphere using 3 
cycles of anwiate-quraich protocol and was allowed to stir under a H, atmosphedre far 
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8 h. The reaction mixture was filtered through a pad of Celite® and washed with CHCI3. 
The combined filtrate was concentrated under reduced pressure to yield of the desired 
aniline as a yellow solid (0.89 g, 86%): mp 79-82 'H-NMR (CHCI3) 5 1.30 (s, 9H), 
2.16-2.20 (m, 2H), 3.78 (br s, 2H), 3.85-4.10 (m, 4H),4.90 (m, IH), 6.65-6.82 (m, 3H). 

5 A3. General Method for the Synthesis of Trifluoromethanesulfonylanilines 

SOjF 

MeO " 

Step 1* 2-Methoxy-5-(flaorpsuIfonyl)acetanilide: Acetic anhydride (0.90 mL, 9.6 
mmol) was added to a solution of 4-mefhoxymetanilyl fluoride (1.0 4.8 mmol) in 
pyridine (IS mL). After being stirred at room temp, for 4 die reaction mixture was 

10 concentrated under reduced pressure. The resulting residue was dissolved in CHjCl, (25 
mL), washed with a saturated NaHCOj solution QL5 mL), dried (Na2S04)» and 
concentrated under reduced pressure to ^ve a foam which was triturated with a 
EtjO/hexane solution to provide flie title compound (0.8S g): 'H-NMR (CDCls) 5 2.13 
(s, 3H), 3.98 (s, 3H), 7.36 (d, J-^.S Hz, IH). 7.82 (dd, >2.6, 8.8 Hz. IH), 8.79 (d, J-2^ 

15 Hz,lH),9.62(brs, IH). 

SO2CF3 
MeO " 

Step 2.2*Medioxy-5-(trifluoromethanesulfonyl)acetanfUde: To an ice^oled 
suspension of tris(dimetfaylamino)sulfonium diflixorotrimethylsiliconate (0.094 g» 0.34 
mmol) in THF (4 mL) was added a solution of (trifluoromethyl)trimethylsilane (1.0 mL, 

20 6.88 mmol) in THF (3 mL) followed by a solution of 2-methoxy-5- 
(fluorosulfonyl)acetanilide (0.85 g, 3.44 mmol) in THF (3 mL). The reaction mixture 
was stirred for 2 h on an ice bath, thm was allowed to warm to room temp, and was then 
concentrated under reduced pressure. The resulting residue was dissolved in CH2CI2 (25 
mL), washed wiA water (25 mL), dried (NajSOJ, and concratrated under reduced 

25 pressure. The resuhing inaterial was purified by fladi chromatography (3% 
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CH2CI2) to provide the title compound as a white solid (0.62 g): 'H-NMR (CDCI3) 8 2.13 
(s, 3H) 4.00 (s, 3H), 7.42 (d, >8.8 Hz, IH), 7.81 (dd, /=2.6, 8.8 Hz, IH), 8.80 (d, J-2.2 
Hz, IH). 9.64 (br s, IH); FAB-MS mh 298 ((M+1)*). 



Step 3.2-Methoxy'>S*(triflaoromethanesalfoiiyl)anilnie: A solution of 2-methoxy«S- 
(trifluoromethanesulfonyl)acetanilide (0.517 g, 1.74 mmol) in EtOH (5 mL) and a 1 N 
HCl solution (5 mL) was heated at the reflux temp, for 4 h and the resulting mixture was 
concentrated under reduced pressure. The residue was dissolved in CHjClj (30 mL), 
washed wifli water (30 mL), dried (Na2S04), and concentrated under reduced pressure to 
afford the title compound as a gum (0.33 g): ^H-NMR (CDCI3) S 3.90 (s, 3H) 5.57 (br s, 
2H). 7.11-7.27 (m, 3H); FAB-MS m/z 256 ((M-Hl)^. This material was used in urea 
formation without further purification. 

A4. General Method for Aryl Amine Formation via Phenol Nitration Followed by 
Ether Formation and Reduction 



Step 1.2-Nitro-5-reit-butylphenol : A mhcture of fuming nitric acid (3.24 g, 77.1 mmol) 
in glacial HOAc (10 mL) was added dropwise to a solution of nt-z^-butylphenol (1 1.58 
g, 77J mmol) in glacial HOAc (15 mL) at 0 "^C The mixture was allowed to stir at 0 ^^C 
for 15 min thm wamaed to room temp. After 1 h the mixture was poured into ice water 
(100 mL) and extracted with EtjO (2 x 50 mL). The organic lay^ was washed with a 
saturated NaCl sohition (100 mL), dried (MgS04) and concentrated in vacuo. The 
residue was purified by flash chromatography (30% EtOAc/70% hexane) to give the 
desired phenol (4.60 g, 31%): "H-NMR (DMSO^ 6 L23 (s. 9H). 7.00 (dd, >L84, 8.83 
Hz, IH), 7.07 (d, >1.84 Hz, IH), 7.82 (d,>*.83 Hz, IH), 10.74 (s, IH). 




SO2CF3 



MeO 
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NO2 



OMe 



Step 2. 2-Nitro-5-/err*butylanisoIe: A slurry of 2-nitro-5-/^/-butylphenol (3.68 g, 
18.9 mmol) and K2CO3 (3.26 g, 23,6 mmol) in anh DMF (100 mL) was stirred at room 
temp with stirring for IS min then treated with iodomethane (2.80 g, 19.8 mmol) via 

5 syringe. The reaction was allowed to stir at room temp for 18 h., then was treated with 
water (100 mL) and extracted with EtOAc (2 x 100 mL). The combined organic layers 
were washed with a saturated NaCl solution (50 mL), dried (MgSOJ and concentrated in 
vacuo to give the desired ether (3.95 g, 100%): *H-NMR (DMSO-d^) 6 1.29 (s, 9H), 3.92 
(s,3H), 7.10(dd,y-1.84, 8.46 Hz, IH), 7.22 (d, J=I.84Hz, IH), 7.79(d,>8.46Hz, IH). 

1 0 This material was used in the next step without fiuther purification* 



Step 3. 4-/m-ButyI-2-methoxyaniIuie: A solution of 2-nitro-5-/er^butylanisole (3.95 
£, 18.9 mmol) in MeOH (65 mL) and added to a flask containing 10% Pd/C in MeOH 
(0.400 g), then placed under a H2 atmosphere (balloon). The reaction was allowed to stir 
IS for 18 h at room tenq>, then filtered fiirough a pad of Celite^ and concentrated in vacuo to 
afford ttie desired product as a dark sitcky solid (3.40 g, 99%): ^H-NMR PMSO^ 5 
L20 (s. 9H), 3.72 (s, 3H), 4.43 (br s, 2H), 6.51 (d, ^B.09 Hz, IH), 6.64 (dd, •^.21, 8,09 
Hz, IH), 6.76 (d,y=2.21 Hz, IH). 

20 AS. General Method for Aryl Amine Formation via Carboxylic Add 
Esterlfication FoDowed by RednctioD 




OMe 




CO2H 
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Step 1. Metbyl 2-Nitro-4-(trifluoromethyl)benzoate: To a solution of 2-nitro-4- 
(trifluoromethyl)benzoic acid (4.0 g, 17.0 mmol) in MeOH (150 mL) at room temp was 
added cone H2SO4 (2.5 mL). The mixture was heated at the reflux temp for 24 h,, cooled 
to room temp and concentrated in vacuo. The residue was diluted with water (100 mL) 
5 and extracted with EtOAc (2 x 100 mL). The combined organic layers were washed with 
a saturated NaCI solution, dried (MgSOJ, concentrated in vacuo. The residue was 



purified by flash chromatography (14% EtOAc/86% hexane) to give the desired est^ as a 
pale yellow oil (4.17 g, 98%): *H-NMR (DMSOd^) 6 3.87 (s, 3H), 8.09 (d. /==7.72 Hz, 
IH), 825 (dd, y=l.l 1, 8.09 Hz, IH), 8.48 (d, >1.1 1 Hz, IH). 



Step 2. Methyl 2-Aiiiuio-4-<CrffIaoromefhyI)beiizoate: A solution of methyl 2-mtro-4- 
(trifluoromethyl)benzoate (3.90 g, 15.7 mmol) in EtOAc (100 mL) and added to a flask 
containing 10% Pd/C (0.400 mg) in EtOAc (10 mL), Aen placed under a Hj atmosphere 
(balloon). The reaction was allowed to stur for 18 h at room temp, then was filtered 
15 through Cclite® and concentrated in vacuo to afford the desired product as a white 
crystalUne solid (3.20 g, 93%): 'H-NMR (DMSO-d^) 6 3.79 (s, 3H), 6.75 (dd, ^1.84, 
8.46 Hz, IH), 6.96 (br 5, 2H), 7.1 1 (d, ^.73 Hz, IH), 7.83 (d, •^=8.09 Hz, IH). 

A6. General Method for Aryl Amine FormatioD via Ether Formation Followed 
20 Ester Saponification, Oirtius Rearrangement, and Cailiamate Deprotectlon 



Step 1. Metiiyl 3»Metho2^--2HBaphtfaoate: A shmy of methyl 3*]|^droxy-2-naphthoate 
(10.1 g, 50.1 mmol) and KJCO^ (7.96 g, 57.6 mmol) m DMF (200 mL) was sthfied at 
room temp §ot 15 min, tfaa treated vnfb iodomethane (3.43 mL, 55.1 mmol). The mixtore 
25 was allowed to stir at room tenqi overnight, then was treated with water (200 mL). The 




COzMb 




OMe 
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resulting mixture was extracted with EtOAc (2 x 200 mL). The combined organic layers 
were washed with a saturated NaCl solution (100 mL), dried (MgS04), concentrated in 
vacuo (approximately 0.4 mmHg overnight) to give the desired ether as an amber oil 
(10.30 g): 'H-NMR (DMSO-d^) 8 270 (s, 3H), 2.85 (s, 3H), 7.38 (app t, ^8.09 Hz, IH), 



5 7.44 (s, IH), 7.53 (app t, 7=8.09 Hz, IH), 7.84 (d, /=8.09 Hz, IH), 7.90 (s, IH), 8.21 (s, 
IH). 



(6.28 g, 29.10 mmol) and wat^ (10 mL) in MeOH (100 mL) at room temp was treated 
10 with a 1 N NaOH solution (33.4 mL, 33.4 mmol). The mixture was heated at the reflux 
temp for 3 h, cooling to room temp, and made acidic with a 10% dtric acid solution. The 
resulting solution was extracted with EtOAc (2 x 100 mL). The combined oiganic layers 
were washed wifli a saturated NaCl solution, dried (MgSOJ and concentrated in vacuo. 
The residue was triturated with hexanes and washed several times with hexanes to give 



15 the desired carboxylic acid as a white ciystalline solid (5.40 g, 92%): 'H-NMR (DMSO- 
de) 5 3.88 (s, 3H), 7.34-7,41 (m, 2H), 7.49-7.54 (m, IH). 7.83 (d,^8.09 Hz, IH), 7.91 (d, 
^8.09 Hz, IH), 8.19 (s, IH), 12.83 (br s, IH). 



Step 3. 2</\KCarboben^Iozy)amino-3-metboxynaphthalene: A sohition of 3- 
20 medioxy-2-naphtfaoic acid (336 g, 16.6 mmol) and Et3N (2.59 mL, 18.6 mmol) in anh 
toluene (70 mL) was stirred at room temp, for 15 min., fben treated with a solution of 
dipheiQrlphosphoryl azide (5.12 g, 18.6 mmol) in toluene (10 mL) via pipette. The 
resulting mixture was heated at 80 for 2 h. After cooling ttie mixture to room teaoap. 
benzyl alcohol (2.06 mL, 20 mmol) was added via syringe. The mixture was then warmed 
25 to 80 overnight. The resulting mixture was cooled to room tmxp.^ quenched with a 




OMe 



Step 2. 3-Methoxy-2-naphthoic Acid: A solution of methyl 3-methoxy-2-naphthoate 
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10% citric acid solution, and extracted with EtOAc (2 x 100 mL). The combined organic 
layers ware washed with a saturated NaCl solution, dried (MgS04)» and concentrated in 
vacuo. The residue was purified by flash chromatography (14% EtOAc/86% hexane) to 
give the benzyl carbamate as a pale yellow oil (5,1 g, 100%): ^H-NMR (DMSO-d<^) 5 3.89 



5 (s. 3H), 5.17 (s, 2H), X27-7.44 (m, 8H), 7.72-7.75 (m, 2H), 8.20 (s, IH), 8.76 (s, IH). 



Step 4.2-Aniiiio-3-nietboxynaphthaIene: A slurry of 2-(M(caibobenzyloxy)amino-3- 
methoxynaphthalene (S.O g, 163 mmol) and 10% Pd/C (0.5 g) in EtOAc (7QmL) was 
maintained under a H2 atmospheric (balloon) at room temp, overnight. The resulting 
to mixture was filtered through Celite® and concentrated in vacuo to give the desired amine 
as a pale pink powder (2.40 g, 85%): *H-NMR (DMSOd^) 5 3.86 (s, 3H), 6.86 (s, 2H), 
7.04-7.16 (m,2H), 7.43 (d,>8.0Hz, IH), 7.56 (d, ,^8,0 Hz, IH); EI-MS 173 (MO- 

A7. General Mediod for the Synthesis of Aryl Amines via MetaMVfediated Cross 
15 Coupling Followed by Reduction 



Step l.S-rerr-Btttyl-2-(trifIuoromethanesulfonyI)oxy-l*]iitrobenzene: To an ice cold 
solution of 4-lerr-butyl*2*nitipphenol (6.14 g, 31.5 nmnol) and pyridine (10 mL, 125 
mmol) in CHzd^z (SO mL) was slowly added trifluoiomeihanesulfonic anhydride (10 g, 
20 35.5 mmol) via syringe. The maction mixture was stirred for IS min, flien allowed to 
wami up to room temp, and diluted with CH^Clj (1 00 mL). The resulting mixture was 
sequentially washed with a IM NaOH solution (3 x 100 mL), and a IM HCl solution (3 
X 100 mL), dried (MgSOJ, and concentrated under reduced pressure to afford the title 
compound (8.68 g, 84%): 'H-NMR (CDCI3) 6 1.39 (s, 9H), 7.30-8.20 (m, 3H). 




OMe 




OTf 
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Step2.5-^£rr-Batyl-2-(3-fluoropheiiyl)-l-nitrobenzene: A mixture of 3- 
fluorobenzcneboionic acid (3.80 g, 27.5 inmol), KBr (2.43 g, 20.4 mmol), K3PO4 (6.1 g, 
28.8 xnmol), and Pd(PPh3)4 (I.O g, 0.9 mmol) was added to a solution of S-/ert-butyl-2- 

S (trifluoromeflianesulfonyl)oxy-l«-nitiobenzene (6.0 g, 18.4 mmol) in dioxane (100 mL). 
The reaction mixture was heated at 80 for 24 h, at which time TLC indicated complete 
reaction. The reaction mixture was treated with a saturated NH4CI solution (50 mL) and 
extracted EtOAc (3 x 100 mL). The combined organic layers were dried (MgS04) and 
concentrated under reduced pressure. The residue was pxuified by flash chromatography 

10 (3% EtOAc/97% hexane) to give the title compound (4.07 g, 81%): 'H-NMR (CDCy 8 
1.40 (s. 9H), 6.90-7.90 (m, 7H). 




Step3.5-r£rr*Biityl-2-(3*fluoFophenyl)aiiiline: To a solution of 5-/m-butyI-2-(3- 
fluorophenyl)-l-nitiobenzene (3.5 g» 12.8 nunol) and EtOH (24 mL) in EtOAc (96 mL) 
15 was added 5% Pd/C (0.350 g) and the resulting sluny was stined under a H2 atmosphere 
for 24 iu at which time TLC indicated complete consumption of starting material. The 
reaction mixture was filt^ed tfuough a pad of Celite^ to give flxe desired product (22 g» 
72%): *H-NMR (CDCI3) S 1.35 (s, 9H), 3.80 (br s. 2H), 6.90-7.50 (m, 7H). 

20 A8. General Method for the Synthesis of Nitroanilines 
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Step L4-(4-(2-Propoxycarbonylainino)pheDyl)inethylanilme: A solution of di-tert- 
butyl dicarbonate (2.0 g, 92 mmol) and 4,4*-melhylenedianiline (1.8g, 92 nunol) in 
DMF (100 mL) was heated at the reflux temp, for 2 h, then cooled to room temp. This 
mixture was diluted with EtOAc (200 mL) sequentially washed with a saturated NH4CI 
(200 mL) and a saturated NaCl solution (100 mL), and dried (MgSOJ. The residue was 
purified by flash chromatography (30% EtOAcA70% hexane) to give the desired 
caAamate (L3 g, 48%): 'H-NMR (CDCI3) 5 L51 (s, 9H), 3.82 (s, 2H), 6.60-7.20 (m, 
8H). 



Step 2:4-(4-(2-Propozycarboitylaiidiio)phenyl)metbyM-nitrobeiizeiie: To an ice cold 
solution of 4-(4-(2-propoxycaibonylammo)phenyl)methylaniline (1.05 g» 3.5 mmol) in 
CH2CI2 (15 mL) was added m-CPBA (12 g, 7.0 mmol). The reaction mixture was slowly 
allowed to warm to room tmp. and was stirred fen* 45 min, at which time TLC indicated 
disappearance of starting matmal. The resulting mixture was diluted with EtOAc (50 
mL), sequentially washed with a IM NaOH solution (50 mL) and a saturated NaCl 
solution (50 mL), and dried (MgSOJ. The residue was purified by flash chromatography 
(20% EtOAc/80% hexane) to give the desired nitrobenzene (0*920 g): FAB-MS m/z 328 



pn>poxycarbonyIamino)phenyl)methyI-l-nitroba]2eQe (0.920 g, 2.8 mmol) in dioxane 
(10 mL) was added a cone. HCl solution (4.0 mL) and the r^tmg mixture was heated 
at 80 for 1 h at which time TLC indicated dis^pearance of starting mat^al. The 
reaction mixture was cooled to room temp. The resulting mixture was diluted with 
EtOAc (50 mL), then washed with a IM NaOH solution (3 x 50 mL), and dried (MgSOJ 
to give the desked anilme (0.570 mg, 89%): *H-NMR (CDCI3) 6 3.70 (hr s, 2H), 3.97 (s, 





Step 3.4<<4-Nitropfaeiiyl)me(]iyIaniline: 



To a solution of 4-(4-(2- 
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2H). 6.65 (d, js=8.5 Hz, 2H), 6.95 (d, Hz, 2H), 7.32 (d, ^8.8 Hz, 2H), 8.10 (d, 
>8.8 Hz, 2H). 

A9. General Method for Synthesis of Aryl Anilines via AUgrlation of a 
5 Nitrophenol Followed by Reduction 

O 

Step 1.4-(a-*Bromoacetyl)morpholine: To an ice cold solution of morpholine (2.17 g, 
24.9 mmol) and diisopropylethylamine (3.21 g, 24.9 mmol) in CH^CIj (70 mL) was 
added a solution of bromoacetyl bromide (5.05 g, 25 mmole) in CHjClj (8 mL) via 
10 syringe. The resulting solution was kept at 0 for 45 min, then was allowed to warm to 
room temp. The reaction mixture was diluted with EtOAc (500 mL), sequentially washed 
with a IM HCl solution (250 mL) and a saturated NaCl solution (250 mL), and dried 
(MgS04) to give the desired product (3.2 g, 62%): *H-NMR (pMSO-d«) 8 3.40-3.50 (m, 
4H), 3.50-3.60 (m, 4H), 4.11 (s, 2H). 




15 

Step 2.2<7V'-Morpholinylcarbonyl)methoxy-5-/err-butyI-l--nitrobenzene: A slurry of 
4-/m-butyl-2-nitrophenoI (3.9 g, 20 mmol) and KfiO^ (331 g» 24 mmol) in DMF (75 
mL) was sttired at room temp, for 15 minutes, fbm a solution of 4-(a- 
bromoaoetyl)moipholine (4.16 & 20 mmol) in DMF (ID mL) was added. The reaction 

20 was allowed to stir at room tonp. overnight, tiien was diluted with EtOAc (500 mL) and 
sequentially washed with a saturated NaCl solution (4 x 200 mL) and a IM NaOH 
solution (400 mL). The residue was purified by flash chromatogn^hy (75% EtOAc/25% 
hexane) to give the nitrobmzene (2.13 & 33%): 'H-NMR (DMSO-dJ S 1.25 (s, 9H), 
3.35-3.45 (m, 4H), 3.50-3.58 (m. 4H), 5.00 (s, 2H), 7.12 (d, ^8-8 Hz, IH), 7.50-7.80 (m, 

25 2H). 
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Step 3.2-(A^-MorphoIinylcarbonyl)niethoxy-5-/^rr-butyIaailfaie: To a solution of 2-(7V- 
mo^phoImylcarbonyl)methoxy-5-^er^buty^l•nitrobenzene(2.13 g, 6.6 mmol) and EtOH 
(10 mL) in EtOAc (40 mL) was added 5% Pd/G (0.215 g). The resulting sluny was 
5 stixred under a H2 atmosphere for 6 h, at which time TLC indicated complete 
consumption of starting material. The reaction mixture was filtered throu^ a pad of 
CeUte^lD give the desired product (1.9 g, 98%): "H-NMR (DMSO-d^) 8 1.18 (s, 9H). 
3.40-3.50 (m, 4H), 3.50-3.60 (m, 4H), 4.67 (brs, 2H), 4.69 (s, 2H), 6,40-6.70 (m. 3H). 

10 AlO. General Metibod for Aryl Amine Formation via Nitrophenol Alkylation 
Followed by Reduction 




Step I»S-#€rr-Butyl-2-(2*hydroxyethoxy)-l*nitrobeiizene: A solution of 4-rerr-butyl-2- 
nitrophenol (30 g, 0.15 mol) and tetra-w-butylammoniiun fluoride (0.771 g, 3.0 mmol) in 

15 ethylene carbonate (10,24 mL. 0.15 mol) was heated at 150 ""C for 18 h, then cooled to 
room temp, and separated between water (50 mL) and CMjClj (SO mL). The organic 
layer was dried (MgSOJ and concentrated under reduced pressure. The residue was 
purified by column chromatography (20% EtOAc/80% hexane) to afibrd the desired 
pioduct as a brown oil (35.1 g, 90%): 'H-NMR (pMSO-dJ 5 1^5 (s, 9H), 3.66-3.69 (m, 

20 2H), 4.10-4.14 (t, J^5.0 Hz, 2H), 4.85 (t, J=^.0 Hz, IH), 7.27 (d, J&=8.8 Hz, IH). 7,60. 
7.64 (m. IH). 7.75 (d, J^2.6 Hz, IH). 
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10 



15 




o 

Step 2.5-/er/-Butyl-2-(2-/er^butoxycarbonyloxy)ethoxy)-l*Ditrobenzene: A solution 
of 5-/err-butyl'-2-(2-hydroxyethoxy)-l-nitrobcnzene (0.401 g, 1.68 mmol), di-rer/-butyl 
dicarbonate (0.46 itiL, 2.0 mmol) and dimethylammopyridine (0.006 g, 0.05 mmol) in 
CH2CI2 (15 mL) was stirred at room temp, for 30 min, at which time TLC indicated 
consumption of starting material. The resulting mixture was washed with water (20 mL), 
dried (MgS04) and concentrated under reduced pressure. The residue was purified by 
column chromatogR?)hy (3% MeOH/97% CHjCy to give flie desired product as a yellow 
oa (0.291 g, 51%): *H-NMR pMSO-d^ 8 1.25 (s, 9H), 1.38 (s, 9H), 4.31 (br s, 4H), 7.27 
(d, >9.2 Hz, IH) 7.64 (dd, ^2.6, 8.8 Hz, IH) 7.77 (d, J=2.6 Hz, IH). 




Step 3.5-/err-BatyI-2-(2-^err*butoxycarbonyIoxy)ethoxy)aniIine: To a mixture of 5- 
*err-butyl-2-(2-/e;t-butoxycarbonyloxy)ettioxy)-l -nitrobenzene (0.290 g, 0.86 nunol) and 
5% Pd/C (0.058 g) in MeOH (2 mL) was ammonium formate (0.216 g, 3.42 mmol), and 
the resulting mixture was stiired at room temp, for 12 h, then was filtered through a pad 
of Celite'' with the aid of EtOH. The filtrate was concentrated under reduced pressure 
and the residue was purified by column chromatography (2% MeOH/98% CHjCy tp 
give the desired product as a pale yellow oil (0.232 g, 87%): TLC (20% EtOAc/80% 
hexane) R^O.63; »H-NMR (DMSO-dJ 8 1.17 (s, 9H). 1.39 (s, 9H), 4.03^.06 (m, 2H), 
20 430^31 (m, 2H), 4.54 (br s, 2H), 6.47 (dd, J^22, 8.1 Hz, IH) 6.64-6.67 (m. 2H). 



All. General Method for Substituted Aniline Formation via Hydrogenation of a 
Nitroarene 
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4-(4-Pyridinylmethyl)aniline: To a solution of 4-(4-nitrobenzyl)pyridine (7.0 32.68 
mmol) in EtOH (200 mL) was added 10% Pd/C (0.7 g) and the resulting slurry was 
shaken under a atmosphere (50 psi) using a Pan: shaker. After 1 h, TLC and 'H-NMR 
5 of an aliquot indicated complete reaction. The mixture was filtered tiurough a short pad of 
Celite®. The filtrate was concentrated in vacuo to afford a white solid (5.4 g, 90%): *H- 
NMR (DMSO-dJ 5 3.74 (s, 2H), 4.91 (br s, 2H), 6.48 (d, >=8.46 Hz, 2H), 6.86 (d, 7-8.09 
Hz, 2H), 7.16 (d, •/=5.88 Hz, 2H), 8.40 (d, ^5.88 Hz, 2H); EI-MS m/z 184 (MT). This 
material was used in urea formation reactions without furth^ purification. 

10 

A12. General Method for Substituted Aniline Formation via Dissolving Metal 
Redaction of a Nitroarene 



4-<2*Pyriduiyltluo)aniline: To a solution of 4-(2-pyridinylfliio)-l-nitrobCTzene (Menai 
15 ST 3355A; 0.220 g, 0.95 mmol) and H2O (0.5 mL) in AcOH ( 5 mL) was added iron 
powder (0.317 g, 5.68 mmol) and the resulting slurry stirred for 16 h at room temp. The 
reaction mixture was diluted witti EtOAc (75 mL) and H2O (50 mL), basified to pH 1 0 
by adding solid K2CO3 in portions (Caution: foaming). The organic layer was wadied 
with a saturated NaCl solution, dried (MgSOJ, concentrated in vacuo. The residual solid 
20 was purified by MPLC (30% EtOAc/70% hexane) to give ttie desired product as a thick 
oU (0.135 g, 70%): TLC (30% EtOAc/70% hexanes) R^020. 

A13a. General Method for Substituted Aniline Formation via Nitroarene 




Formation Through Nadeophilic Aromatic Substitution, Followed by 



25 



Reduction 
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Step 1. l-Metho3cy-4-(4<mtrophenoxy)beiizene: To a suspension of NaH (95%, L50 
g, 59 nunol) in DMF (100 mL) at room temp, was added dropwise a solution of 4- 
methoxyphenol (7.39 g, 59 mmol) in DMF (50 mL). The reaction was stirred 1 h, then a 
solution of l-fluoro-4-nitrobenzene (7.0 g, 49 mmol) in DMF (50 mL) was added 
5 dropwise to form a dark green solution. The reaction was heated at 95 °C overnight, then 
cooled to room temp., quenched with HjO, and concentrated in vacuo. The residue was 
partitioned between EtOAc (200 mL) and H^O (200 mL) . The organic layer was 
sequentially washed with HjO (2 x 200 mL), a saturated NaHCOj solution (200 mL), and 
a saturated NaCl solution (200 mL), dried (Na2S04), and concentrated in vacuo. The 
10 residue was triturated (EtjO/hexane) to afford l-methoxy-4-(4-nitrophenoxy)ben2ene 
(12.2 g, 100%): 'H-NMR (CDCI3) 5 3.83 (s, 3H), 6.93-7.04 (m, 6H), 8.18 (d, >9.2 Hz, 
2H);EI-MSin/2 245(M0. 




15 Step 2. 4-(4-MethoxypheDoxy)aniluie: To a solution of l-methoxy-4-(4- 
nitrophenoxy)benzene (12.0 g, 49 mmol) in EtOAc (250 mL) was added 5% Pt/C (1.5 g) 
and the resulting slurry was shaken under a atmosphere (50 psi) for 18 h. The reaction 
mixture was filtered through a pad of Celite® with the aid of EtOAc and concmtrated in 
vacuo to give an oil which slowly solidified (10.6 g, 100%): 'H-NMR (CDCI3) S 3.54 (br 

20 s, 2H), 3.78 (s, 3H), 6.65 (d, ,^8.8 Hz, 2H), 6.79-6.92 (m, 6H); EI-MS m/z 215 (M"). 

A13b. General Method for Substituted Aniline Formation via Nitroarene 
Formatioa Tiirou|^ Nudeophllic Aromatic Substitution, Followed by 
Reduction 



25 




Stepl. 3-(Trifluorometliyl>4-(4-pyridinyItiiio)nitrobenzene: A solution of 4* 
mercq>topyridine (2.8 g, 24 mmoles), 2-fluoro-5-nitrob6nzotrifiuoride (5 g, 23.5 
mmoles), and potassium carbonate (6.1 g, 44.3 mmoles) in anhydrous DMF (80 mL) was 
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stirred at room temperature and under argon overnight TLC showed complete reaction. 
The mixture was diluted with EtjO (100 mL) and water (100 mL) and the aqueous layer 
was back-extracted with Etp (2 x 100 mL). The organic layers were washed with a 
saturated NaCI solution (100 mL), dried (MgSOJ, and concentrated under reduced 
pressure. The solid residue was triturated with EtjO to afford the desired product as a tan 
solid (3.8 g, 54%): TLC (30% EtOAc/70% hexane) 1^0.06; 'H-NMR 0MSO-d^ 6 7J3 
(dd, J=12, A2 Hz, 2H), 7.78 (d, 7=8.7 Hz, IH), 8.46 (dd. /«2.4. 8.7Hz, IH), 8.54-8.56 
(m,3H). 

CF3 

Step 2. 3<rriflnoromethyl)-4-(4-pyridinylthio)aniline: A slurry of 3-trifluoromethyl- 
4-(4-pyridinylthio)mtrobenzene (3.8 g, 12.7 mmol), iron powder (4.0 g, 71.6 mmol), 
acetic acid (100 mL), and watw (I mL) were stirred at room ten^. for 4 h. The mixture 
was diluted with EtjO (100 mL) and water (100 mL). The aqueous phase was adjusted to 
pH 4 with a 4 N NaOH solution. The combined organic layers were washed wiUi a 
saturated NaCl solution (100 mL), dried (MgSO^), and concentrated under reduced 
pressure. The residue was filtered through a pad of silica (gradient from 50% 
EtOAc/50% hexane to 60% EtOAc/40% hexane) to aflford the desired pix)duct (3.3 g): 
TLC (50% EtOAc/50% hexane) R^O.IO; 'H-NMR (PMSO-<U S 6.21 (s, 2H), 6.84-6.87 
(m,3H),7.lO(d,Jm.4H2, IH). 7.39 (d. js=8.4 Hz, IH), 83 (d, >6.3 Hz, 2H). 

A13c. Gaieral Method for Substituted Aniline Formation via Nitroarene 
Fonnation Tlirougli Nncleoplillic Aromatic SubstltutioB, Followed by 
Reduction 




St^ 1. 4-(2-(4-Phenyl)tliiazoIyl)thio-l-nitrobenzene: A solution of 2-mercq)to-4- 
phenyltliiazole (4.0 g, 20.7 mmoles) in DMF (40 mL) was treated witti l-fluoro-4- 
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nitrobenzene (2.3 mL, 21.7 mmoles) followed by K^COa (3.18 g, 23 mmolX and the 
mixture was heated at approximately 65 overnight. The reaction mixture was then 
diluted with EtOAc (100 mL), sequentially washed with water (100 mL) and a saturated 
NaCl solution (100 mL), dried (MgS04) and concentrated imder reduced pressure. The 
solid residue was triturated with a EtjO/hexane solution to a£ford the desired product (6.1 
g): TLC (25% EtOAc/75% hexane) 1^0.49; 'H-NMR (CDCla) 6 7.35-7.47 (m. 3H), 7.58- 
7.63 (m, 3H), 7.90 (d, Hz, 2H), 8.19 (d, J«9.0 Hz, 2H). 




Step 2. 4-(2-(4-PhenyI)thiazolyl)thioaniiine: 4-(2-(4-Phenyl)thiazolyl)thio-l -nitro- 
benzene was reduced in a manner analagous to that used in the preparation of 3- 
(trifluoromethyI>4-(4.pyridinylthio)aniline: TLC (25% EtOAc/75% hexane) R^O.18; *H- 
NMR (CDCI3) 5 3.89 (br s. 2H), 6.72-6.77 (m, 2H), 7.26-7.53 (m, 6H). 7.85-7.89 (m, 
2H). 

A13d. General Method for Substituted Aniline Formation via Nitroarene 
Formation Through Nucleophilic Aromatic Substitution, Followed by 
Reduction 




St^ 1. 4*(6-Metiiyl*3-pyriclinylosy)*lHaitrobenzene: to a solution of 5-hydiioxy-2- 
metbylpyridine (S.O g, 45.8 mmol) and 1-fiuoxxHl-nitiobenzene (6.5 g» 45.8 mmol) in anh 
DMF (50 mL) was added KiCO^ (13.6 g, 91.6 mmol) in one portion. The nuxture was 
heated at the reflux temp, with stilting for 18 h and flm allowed to cool to room tenq>. 
The resulting mixture was poured into water (200 mL) and extracted witih EtOAc (3 x 
ISO mL). The combined organics were sequentially washed with water (3 x 100 mL) and 
a saturated NaCl solution (2 x 100 mL), dried QiaJSO^X and concentrated in vacuo to 
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afford the desired product (8.7 83%). The this material was carried to the next step 
without farther purification. 




Step 2. 4-(6-MethyI-3-pyridinyIoxy)aniltne: A solution of 4-<6-methyl-3- 
5 pyridinyloxy)'l-nitrobenzene (4.0 g, 17.3 mmol) in EtOAc (150 mL) was added to 10% 
Pd/C (0.S00 g, 0.47 nunol) and the resulting mixture was placed under a atmosphere 
(balloon) and was allowed to stir for 18 h at room temp. The mixture was then filtered 
through a pad of Celite^ and concentrated in vacuo to afford the desired product as a tan 
solid (3.2 g, 92%): EI-MS m/z 200 (NT)- 

10 

A13e. General Method for Sabstituted Aniline Formation via Nitroarene 
Formation Through Nucleophitic Aromatic Substitution, Followed by 
Redaction 




IS Step 1. 4-(3^<-Dimethoxyphenoxy)*l«nitet)benzene: To a solution of 3,4- 
dimeflioxyphenol (1.0 g, 6.4 mmol) and l«fluoro-4-nitrobenzene (700 6.4 mmol) in 
anh DMF (20 mL) was added K^CO, (1.8 g, 12.9 mmol) in one portion. The mixture was 
heated at the reflux temp widi stirring for 18 h and then allowed to cool to room temp. 
The mixture was then poured into water (100 mL) and extracted with EtOAc (3 x 100 

20 mL). The combined organics were sequentially washed wiih water (3 x 50 mL) and a 
saturated NaCl solution (2 x SO mL)» dried Qia^^O^^ and concentrated in vacuo to afford 
the desired product (0.8 g» S4%). The cmde product was carried to the next step without 
further purification. 




25 Stqi 2. 4-(394«-Dimethoxyphenoxy)aniIine: A solution of 4-(3,4-dimethoxy-phenoxy)- 
1-nitrobenzene (0.8 & 3.2 mmol) in EtOAc (SO mL) was added to 10% Pd/C (0.100 g) 
and the resulting mixture was placed under a atmosphere (balloon) and was allowed to 
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Stir for 18 h at room temp. The mixture was then filtered through a pad of Celite® and 
concentrated in vacuo to afford the desired product as a white solid (0.6 g, 75%): EI-MS 
m/z 245 QA"). 

5 A13f. General Method for Substituted Aniline Formation via Nitroarene 
Formation Through Nucleophilic Aromatic Substitution, Followed by 
Reduction 



Step !• 3-(3-Pyridtaiylo37)-l-*niti^l'ciucme: To a solution of 3-hydroxypyridine (2.8 g» 
10 29.0 mmol), l-bromo-3-nitrobenzme (S.9 g, 29.0 mmol) and copper(I) bromide (5.0 g, 
34.8 mmol) in anh DMF (50 mL) was added K2CO3 (8.0 g, 58.1 mmol) in one portion. 
The resulting mixture was heated at the reflux temp, witii stirring for 18 h and then 
allowed to cool to room temp. The mixture was then poured into water (200 mL) and 
extracted with EtOAc (3 x 150 mL). The combined organics were sequentially washed 
15 with water (3 x 100 mL) and a saturated NaCl solution (2 x 100 mL), dried (Na^SOJ, and 
concentrated in vacuo. The resulting oil was purified by flash chromatography (30% 
EtOAc/70% hexane) to afford the desired product (2.0 g» 32 %). This material was used 
in die next step without fiirdia* purification. 



20 Step 2. 3-(3-Pyridinyloxy)anOine: A solution of 3-(3-pyridinyloxy)-l -nitrobenzene 
(2.0 g, 9.2 mmol) in EtOAc (100 mL) was added to 10% Pd/C (0.200 g) and the resulting 
mixture was placed under a Hj atmosphere (balloon) and was allowed to stir for 18 h at 
room temp. The mixture was then filtered through a pad of Celite^ and concentrated in 
vacuo to afford the desired product as a red oil (1.6 g, 94%): EI-MS m/z 1 86 (M*). 



A13g. General Method for Substituted Aniline Formation via Nitroarene 
Formation Through Nucleophilic Aromatic Substitution, Followed by 





25 



Reductton 
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Step 1. 3-(5-MethyI-3-pyridmyIoxy)-l-iiitrobenzene: To a solution of 3-hydroxy-S- 
methylpyridine (5.0 g, 45.8 mmol), l-bromo-3*nitn>bmzffie (12.0 g, 59.6 mmol) and 
copper(I) iodide (10.0 g, 73.3 mmol) in anh DMF (50 mL) was added K2CO3 (13.0 g, 
5 91 .6 mmol) in one portion. The mixture was heated at the reflux temp, with stirring for 1 8 
h and then allowed to cool to room temp. The mixture was then poured into water (200 
mL) and extracted witti EtOAc (3 x 150 mL). The combmed organics were sequentially 
washed with water (3 x 100 mL) and a saturated NaCl solution (2 x 100 mL), dried 
(NasSOJ, and concentrated in vacuo . The resulting oil was purified by flash 
10 chromatography (30% EtOAc/70% hexane) to afford the desired product (1.2 g, 13%). 



Stqi 2. 3-<5-MethyI-3-pyridmylo37)*l-nitrobeiizene: A solution of 3-(5-methyl-3- 
pyridinyloxy)-l-nitrobenzene (1.2 g, 5.2 mmol) in EtOAc (50 mL) was added to 10% 
Pd/C (0.100 g) and the resulting mixture was placed under a Hj atmosphere (balloon) and 
15 was allowed to stir for 18 hat room temp. The mixture was then filtered through a pad of 
Celite® and concmtrated in vacuo to afiford the desired product as a red oil (0.9 g, 86%): 
CI-MS m/z 201 ((M+H)0. 

A13h. General Method for Substituted Anfline Formation via Nitroarene 
20 Formation Through Nadeophilic Aromatic Substitution, Followed by 



Step 1. 5-Nitro-2-(4<*methyIphenoxy)pyridine: To a solution of 2-Ghloro-5- 
nitmpyridine (6.34 g, 40 mmol) in DMF (200 mL) were added of 4-methylphenol (5.4 g, 
25 50 rnmoU 1.25 equiv) and KjCX)) (828 g, 60 mmol, 1.5 equiv). The mixture was stirred 
ovemigjht at room temp. The resulting mixture was treated with water (600 mL) to 
generate a precipitate. This mixture was stirred for 1 h, and tiie solids wero separated and 




Reduction 
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sequentially washed with a 1 N NaOH solution (25 mL), water (25 mL) and pet ether (25 
mL) to give the desired product (7,05 g, 76%): mp 80-82 ^C; TLC (30% EtOAc/70% pet 
ether) 1^0.79; ^H-NMR (DMSO-d,) 5 2.31 (s, 3H), 7.08 (d, 7=8.46 Hz, 2H), 7.19 (d, 
7=9.20 Hz, IH), 7.24 (d, 7-8.09 Hz, 2H), 8.58 (dd, 7-2.94, 8.82 Hz, IH), 8.99 (d, >2.95 
Hz, IH); FAB-MS m/z (rel abundance) 231 ((M+H)*), 100%). 



Step 2. 5-Aiiimo-2-(4-methyIpheiioxy)pyridine Dihydrochloride: A solution S-nitro- 
2-<4-methylphenoxy)pyridine (6.94 g, 30 mmol, 1 eq) and EtOH (10 mL) in EtOAc (190 
mL) was purged with argon then treated with 10% Pd/C (0.60 g). The reaction mixture 
was then placed under a Hj atmosphere and was vigorously stirred for 2.5 h. The reaction 
mixture was filtered through a pad of Celite^ A solution of HCl in EtjO was added to the 
filtrate was added dropwise. The resulting precipitate was separated and washed with 
EtOAc to give the desired product (7.56 g, 92%): mp 208-210 (dec); TLC (50% 
EtOAc/50%.pet ether) 0.42; ^H-NMR (DMSO^) 5 2JZ5 (s, 3H), 6.98 (d, J^flAS Hz, 
2H), 7.04 (d, ^8.82 Hz, IH). 7.19 (d. ^8.09 Hz, 2H), 8.46 (dd, J^2.57, 8.46 Hz, IH), 
8.63 (d, J^2.S7 Hz, IH); EI-MS mA (rel abundance) (NT, 100%). 

A13i. General Method for Substituted Aniline Formation via Nitroarene 
Formation Tlirongh Nudeophilic Aromatic Substitution, Followed by 



Stqi 1. 4-(3-Tliienyltliio)-l«nitrobenzene: To a solution of 4-nitzotfaiophenol 



(0.5 g, 3.7 nunol) in anhydrous DMF (20 mL) was added KOH (03 g, 6. 1 mmol), and die 
resulting mixture was heated at 130 with stirring for 42 h and then allowed to cool to 
room tcnq). The reaction mixture was tbesa poured into a mixture of ice and a 6N HCl 




Reduction 




(80%puFe; 12 g, 6.1 mmol), 3-hromothiophene (1.0 g, 6.1 mmol) and cqppeE(II) oxide 
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solution (200 mL) and the resulting aqueous mixture was extracted with EtOAc (3 x 100 
mL). The combined organic lay^s were sequentially washed with a IM NaOH solution 
(2 X 100 mL) and a saturated NaCl solution (2 x 100 mL), dried (MgSOJ, and 
concentrated in vacuo . The residual oil was purified by MPLC (silica gel; gradient from 
10% EtOAc/90% hexane to 5% EtOAc/95% hexane) to afford of the desired product (0.5 
g, 34%). GC-MS m/z 237 (M*). 



Step 2. 4-(3-ThienyIthio)aiiilme: 4-(3-Thienylthio>-l-nitrobOTzene was reduced to the 
aniline in a manner analogous to that desaibed in Method B 1 . 

A13j. General Method for Substituted Aniline Formation via Nitroarene 
Formation Through Nucleophilic Aromatic Substitution, Followed by 



4-(S-Pyrimminyloxy)aniIlne: 4-Aminophenol (LO g, 9.2 mmol) was dissolved in DMF 
(20 mL) then S-bromopyximidine (1.46 g, 9.2 mmol) and K2CO3 (L9 g, 13.7 mmol) 
were added. The mixture was heated to 100 ''C for 18 h and at 130 °C for 48 h at which 
GC-MS analysis indicated some remaining starting material. The reaction mixture was 
cooled to room temp, and diluted with water (50 mL). The residting sohition was 
atracted with EtOAc (100 mL). The organic layer was washed with a saturated NaG 
solution (2 x SO mL), dried QA^O^\ and concentrated in vacuo. The residular solids 
were purified by MPLC (50% EtOAc/50% hexanes) to give the desired amine (0.650 g. 




Reduction 




38%). 



A13k. General Method for Snbstttuted Aniline Formation via Nitroarene 
Formation Tiirough Nucleophilic Aromatic Substitution, FoUowed by 
Reduction 
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Step 1. 5-Bromo-2-inethoxypyridine: A mixture of 2,5-dibromopyridine (5.5 g. 23.2 
mmol) and NaOMe (3.76g, 69.6 imnol) in MeOH (60 mL) was heated at 70 in a 
sealed reaction vessel for 42 h, then allowed to cool to room temp. The reaction mixture 
5 was treated with water (50 mL) and extracted with EtOAc (2 x 100 mL). The combined 
organic layers were dried (NajSOJ and concentrated under reduced pressure to give a 
pale yellow, volatile oil (4.1g, 95% yield): TLC (10% EtOAc / 90% hexane) R^O.57. 



Step 2. 5-Hydroxy-2-inethoxypyridtne: To a stirred solution of 5-bn>mo-2- 
10 methoxypyridme (8,9 g, 47.9 mmol) in THF (175 mL) at -78 **C was added an n- 
butyllitfaium solution (2.5 M in hexane; 28.7 mL, 71.8 mmol) diopwise and die resultmg 
mixture was allowed to stir at -78 for 45 min. Trimefliyl borate (7.06 mL, 62.2 mmol) 
was added via syringe and the resulting mixture was stirred for an additional 2 h. The 
bright orange reaction mixture was wamied to 0 "^C and was treated with a mixture of a 3 
15 N NaOH solution (25 mL, 71.77 mmol) and a hydrogen peroxide solution (30%; approx. 
50 mL). The resulting yellow and slightly turbid reaction mixture was wanned to room 
temp, for 30 min and then heated to the reflux temp, for 1 h. The reaction mixture was 
then allowed to cool to room temp. The aqueous layer was neutralized with a IN HCl 
solution then extracted with EtjO (2 x 100 mL). The combined organic layers were dried 
20 (NajSOJ and concentrated under reduced pressure to give a viscous yellow oil (3.5g, 



Step 3. 4<5-(2-'Mettio^)pyridyI)ozy-l-nitrobenzene: To a stirred slurry of NaH 
(97%, LO g» 42 mmol) in anh DMF (100 mL) was added a solution of 5-hydroxy-2- 
25 methoxypyridine (3.5g, 28 mmol) m DMF (100 mL). The resulting mixture was allowed 
to stir at room temp, for 1 h, 4-fluoronitrobenzene (3 mL, 28 mmol) was added via 
syringe. The reaction mnixture was heated to 95 overnight, then treated widi water 
(25 mL) and extracted with EtOAc (2 x 75 mL). The organic layer was dried (MgSOJ 




60%). 
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and concentrated under reduced pressure. The residual brown oil was ciystalized 
EtOAc/hexane) to afford yellow crystals (5 .23 g, 75%). 



Step 4. 4-(5-(2<-Methoxy)pyridyl)Dxyanaine: 4-(5-<2-Methoxy)pyridyl)oxy-l- 
5 nitrob^rae was reduced to the aniline in a manner analogous to that described in 
Method B3d, Step2. 

A14a. General Method for Substituted Aniline Synthesis via Nucleophilic Aromatic 



3<^4-Pyridin)1thio)aniIine: To a solution of 3-aminotfaiQphmol (3.8 mL> 34 nunoles) in 
anh DMF (9QmL) was added 4-chloiopyridine hydrochloride (5.4 g, 35.6 nunoles) 
followed by K2CO3 (16.7 g, 121 mmoles). The reaction mixture was stirred at room 
temp, for L5 h, then diluted with EtOAc (100 mL) and water (lOOmL). The aqueous 

15 layer was back-extracted with EtOAc (2 x 1 00 mL). The combined organic layers were 
washed with a saturated NaCl solution (100 mL), dried (MgS04), and concentrated under 
reduced pressure. The residue was filtered through a pad of silica (gradient from 50% 
EtOAc/50% hexane to 70% EtOAc/30% hexane) and the resultmg material was triturated 
with a EtjO/hexane solution to afford the desired product (4.6 g, 66%): TLC (100 % ethyl 

20 acetate) 1^029; ^H-NMR (DMSO-dJ 8 5.41 (s, 2H), 6.64^.74 (m. 3H), 7.01 (d, 
2H), 7.14 (t, J*7.8 Hz, IH), 8.32 (d, J«4.8, 2H). 

A14b. General Method for Substitated AnOine Synfliesis via Nudeophllic Aromatic 
Snbstitntion using a Halopyridine 



4-C(-MediyM-pyrfdinyloxy)aniline: To a solution of 4-aminophenol (3.6 g, 32.8 
mmol) and 4-chloropicoline (5.0 g, 39.3 mmol) in anh DMPU (50 mL) was added 




Substitution using a Halopyridine 




25 
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potassium /cr/-butoxide (7.4 g, 65.6 mmol) in one portion. The reaction mixture was 
heated at 100 "C with stirring for 18 h, then was allowed to cool to room temp. The 
resulting mixture was poured into water (200 mL) and extracted with EtOAc (3 x 150 
mL). The combined extracts were sequentially washed with water (3 x 100 mL) and a 
5 saturated NaCl solution (2 x 100 mL), dried (NajSOJ, and conc«itrated in vacuo. The 
resulting oil was purified by flash chromatography (50 % EtOAc/S0% hexane) to afford 
the desired product as a yellow oil (0.7 g. 9%): CI-MS m/z 201 ((M+H)*). 

A14c. General Method for Snbstitated Aniline Synthesis via Nucleophilic Aromatic 
10 Substitution usmg a Halopyridine 



25 



o 



Step 1. Metbyl(4*idtrophenyl)-4-pyridyIamuie: To a suspension of /V^methyM- 
nittoaniline (2.0 g, 13.2 mmol) and K^CO^ (7.2 g, 52.2 mmol) in DMPU (30mL) was 

15 added 4-chIoropyridine hydrochloride (2.36 g, 15.77 mmol). The reaction mixture was 
heated at 90 X for 20 h, then cooled to room temperature. The resulting mixture was 
diluted with water (100 mL) and extracted with EtOAc (100 mL). The organic layer was 
washed with water (100 mL), dried (Na2S04) and concentrated under reduced pressure. 
The residue was purified by column chiDmatogRQ>hy (silica gel, gradient from 80% 

20 BtOAc 720% hexanes to 100% EtOAc) to afford metfayl(4-mtrophenyl)-4*pyridylam]ne 
(0.42 g) 

/==\ Me 

step 2. Mettiyl(4-aniinophenyI)^-pyridylamitte: Melhyl(4-mtroph6nyl)^. 
pyridylamine was reduced in a manner analogous to that described in Method Bl. 



A15. General Metiiod of Sabstitnted Aniline Synthesis via Phenol Alkylation 
FoOowed by Reduction of a Nitroaraie 
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O2N 



Step 1. 4-<4-Butoxyphenyl)thio-l-nitrobenzene: To a solution of 4-(4-nitrophenyl- 
thio)phenol (1.50 g, 6.07 mmol) in anh DMF (75 ml) at 0 X was added NaH (60% in 
mineral oil, 0.267 g, 6.67 mmol). The brown suspension was stirred at 0 until gas 
5 evolution stopped (15 min), then a solution of iodobutane (1.12 g, .690 ml, 6.07 nunol) in 
anh DMF (20 mL) was added dropwise over 15 min at 0 The reaction was stirred at 
room temp, for 18 h at whidi time TLC indicated the presence of raireacted phmoU and 
additional iodobutane (56 mg, 0.035 mL, 0.303 mmol, 0,05 equiv) and NaH (13 mg, 
0.334 mmol) were added. The reaction was stirred an additional 6 h room temp., ttien 

10 was quenched by the addition of wato* (400 mL). The resulting mixture was extracted 
with EtjO (2 X 500 mL). The combibcd organics were washed with watar (2 x 400 mL). 
dried (MgSO J, and concentrated imder reduced pressure to give a clear yellow oil, which 
was purified by silica gel chromatogrsqjhy (gradient fit>m 20% EtOAc/80% hexane to 
50% EtOAc/50% hexane) to give the product as a yellow solid (L24 g, 67%): TLC (20% 

15 EtOAc/80% hexane) 0.75; 'H-NMR (DMSOkU 8 0.92 (t, J- 7.5 Hz, 3H), 1.42 (app 
hex, ^7.5 Hz, 2H), 1.70 (m,2H), 4.01 (t, > 6.6 Hz, 2H), 7.08 (d, >8.7 Hz, 2H), 7.17 
(d, J=9 Hz, 2H), 7.51 (d, 8.7 Hz, 2H), 8.09 (d, ^ 9 Hz, 2H). 



Step 2. 4-(4-BatoxyphenyOAioaniluie: 4-(4-Butoxyphenyl)tfaio-l-mtn)benzene was 
20 reduced to the anilme in a manner analagous to tfrnt used in the preparation of 3- 
(trifluoromethyl)-4-(4-pyridinylthio)aniline (Mefliod B3b, Step 2): TLC (33% 



A16. General Method for Synthesis of Substitnted An&mes by the Acylation of 
25 Diamfaioareiies 




EtOAc/77% hexane) Ry0J8. 
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4<4-terr-BDtozycarbamoylbeiizyOaniline: To a solution of 4,4'-melhylenedianiline 
(3.00 g, 15.1 mmol) in anh THF (50 mL) at room temp vas added a solution of di-/err- 
butyl dicarbonate (3.30 g, 15.1 nunol) in anh THF (10 mL). The reaction mixture was 
heated at the reflux temp, for 3 h, at which time ll.C indicated fhs presence of unieacted 
5 methylenedianiline. Additional di-f^rr-butyl dicatfoonate (0.664 g, 3.03 mmol, 0.02 
equiv) was added and the reaction stirred at ttie reflux temp, for 16 h. The resulting 
mixture was diluted with EtjO (200 mL), sequentially washed with a saturated NaHCO, 
solution (100 ml), water (100 mL) and a saturated NaCl solution (50 mL), dried 
(MgS04), and concentrated under reduced pressure. The resulting white solid was 
10 purified by silica gel chromatogr^hy (gradient ftom 33% EtOAc/67% hatane to 50% 
EtOAc/50% hexane) to afford the desired product as a white solid ( 2.09 g, 46%): TLC 
(50% EtOAc/S0% hexane) R^O.45; 'H-NMR (DMSO-d«) S 1.43 (s, 9H), 3.63 (s, 2H), 
4.85(brs,2H), 6.44 (d. >8.4 Hz. 2H), 6.80(d,^.l Hz,2H), 7.00(d,^.4Hz,2H), 
7.28 (d, ^8.1 Hz, 2H), 9.18 (brs, IH); FAB-MS m/fe 298 (M*). 

15 

A17. General Method for the Synthesis of Aryl Amines via Electrophiiic Nitration 
Followed by Reduction 




Step 1. 3-(4-NitrobenzyI)pyridine: A solution of 3-benzy^yridine (4.0 g, 23.6 
20 mmol) and 70% nitric acid (30 mL) was heated overnight at 50 *C. The resulting mixture 
was allowed to cool to room temp, then poured into ice water (350 mL). The aqueous 
mixture then made basic with a IN NaOH solution, then extracted with EtjO (4 x 100 
mL). The combined extracts were sequentially washed widi water (3 x 100 mL) and a 
saturated NaCl solution (2 x 100 mL), dried (NajSOJ, and conceatrated in vacuo. The 
25 residual oil was purified by MFLC (silica gel; SO % EtOAc/50% hexane) tiien 
reoystallization (EtOAc/hexane) to affind the desired product (1.0 g, 22%): G&MS m/^ 
214 (KT). 
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Step 2. 3-(4-PyridinyI)methyIaDiline: 3-(4-Nitrobenzyl)pyridine was reduced to the 
aniline in a manner analogous to that described in Method Bl. 



A18. General Method for Synthesis of Aryt Amines via Substitution with 
5 Nitrobenzyl Halides Followed by Reduction 




Step 1. 4-(l-ImidazolyImethyI)-l-nitrobenzene: To a solution of imidazole (0.5 g, 7.3 
mmol) and 4-nitrobenzyl bromide (1.6 g, 73 nunol) in anh acetonitrile (30 mL) was 
added KjCOj (LO g» 7.3 mmol). The resulting mixture was stirred at rooom temp, for 18 
10 h and then poured into water (200 mL) and the resulting aqueous soliiti<m wasextracted 
with EtOAc (3 x 50 mL). The combined organic layers were sequentially washed with 
wate* (3 X 50 mL) and a saturated NaCl solution (2 x 50 mL), dried (MgS04), 
concentrated in vacuo. The residual oil was purified by MPLC (silica gel; 25% 
EtOAc/75% hexane) to afford the desu-ed product (1,0 g, 91%): EI-MS m/z 203 (M*). 



15 




Step 2. 4-(l-Imfdazolylmethyl)anfUne: 4-(l-Imidazolyhnethyl)-l-nitn)benzene was 
reduced to the aniline in a manner analogous to that described in Method B2. 



A19. Formation of Substituted Hydroxymetfaylanilines by Oxidation of 
20 Nitrobenzyl Componnds Followed by Redaction 

OH 




StepL 4-<l-Hydroxy*l*(4-pyridyl)methyM-mtrobenzene: Toa8tufFed8olutionof3- 
(4-nitcobenzy()pyiidme (6.0 g, 28 mmol) in CH2CI2 (90 mL) was added m-CPBA (5.80 g, 
33.6 nmiol) at 10 ^C, and the mixture was stirred at room temp, ovemi^t. The reaction 
25 mixture was successively wa^ed with a 10% NaHSO, solution (50 mL), a saturated 
K2CO, solution (50 mL) and a saturated NaCl solution (50 mL)» dried (MgSOJ and 
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10 



15 



20 



concentrated under reduced pressure. The resulting yellow solid (2.68 g) was dissolved 
in anh acetic anhydride (30 mL) and heated at the reflux temperature overnight. The 
mixture was concentrated under reduced pressure. The residue was dissolved in MeOH 
(25 mL) and treated with a 20% aqueous NH3 solution (30 mL). The mixture was stirred 
at room temp, for 1 h, then was concentrated under reduced pressure. The residue was 
poured into a mixture of water (50 mL) and CH2Cl2(50 mL). The organic layer was dried 
(MgSOJ, concentrated under reduced pressiure, and purified by column chromatography 
(80% EtOAc/ 20% hexane) to afford the desired product as a white solid. (0.53 g, 8%): 
mp 110^118 X; TLC (80% EtOAc/20% hexane) 0.12; FAB-MS m/z 367 ((M+H)*, 
100%). 



Stop 2. 4<l*Hydroxy-l-(4-pyridyl)mefliylaniIme: 4-(l-Hydroxy.l-(4.pyridyl).methyl- 
1-nitxobenzene was reduced to the aniline in a manner analogous to that described in 
Method B3d»Step2. 

A20. Formation of 2*<iV->metfaylcarbamoyl)py ridines via the Menisci reaction 

O 



Step 1. 2-(Ar*metbylcarbamoyI)-4-chloropyrldine. (Caution: this is a hi^ly 
hazardous^ potentially explosive reaction.) To a solution of 4*chlon)pyridine (10.0 g) in 
A-methylfoimamide (250 mL) under argon at ambient temp was added cone. fi^S04 (3.55 
mL) (exoflienn). To this was added H2O2 (17 mL, 30% wt in H20) followed by 
FeS04'7H20 (0.55 g) to produce an exothemi. The reaction was stured in the dark at 
ambicsit temp for Ih then was heated slowly over 4 h at 45 ""C. When bubbling 
snbsidedythe reaction was heated at 60 for 16 h. The opaque brown solution was 
diluted with H20 (700 mL) followed by a 10% NaOH solution (250 mL). The aqueous 
mixture was extracted with EtOAc (3 x 500 mL) and flie orgmic layers were washed 
sqmrately with a saturated NaCl solution (3 x 150 mlL. The combined^ organics were 
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dried (MgSOJ and filtered through a pad of silica gel eluting with EtOAc. The solvent 
was removed in vacuo and the brown residue was purified by silica gel chromatography 
(gradient fi-om 50% EtOAc / 50% hexane to 80% EtOAc / 20% hexane). The resulting 
yellow oil ciystallized at 0 over 72 h to give 2-(iV-methylcart)amoyI>4.chloropyridine 
5 in yield (0.61 g, S3%): TLC (50% EtOAc/50% hexane) 0.50; MS; *H NMR (CDQa): 
d 8.44 (d, 1 H, J « 5.1 Hz, CHN), 8.21 (s, IH, CHCCO), 7.96 (b s, IH, NH), 7.43 (dd, 
IH, J = 2.4, 5.4 Hz, CICHCN), 3.04 (d, 3H, J = 5.1 Hz, methyl); CI-MS m/z 171 
((M+H)+). 

10 All. Generalmethod for the Synthesis of co-SuIfoDylpbenyl Anilines 



Step 1. 4-(4-.MethyIsalfonyIphenoxy)-l-nitrobenzene: To a solution of 4-(4- 
methylthiophenoxy)'l-ntirobenzene (2 g, 7.66 mmol) in CHjCl^ (75 mL) at 0 X was 
slowly added iwCPBA (57-86%, 4 g), and the reaction mixture was stirred at room 
15 temperature for 5 h. The reaction mixture was treated with a 1 N NaOH solution (25 
jnL). The organic layer was sequentially washed with a IN NaOH solution (25 mL), 
water (25 mL) and a saturated NaCl solution (25 mL), dried (MgSO^, and concentrated 
under reduced pxessure to give 4-(4-methyisulfony^henoxy)-:l-mtiobenzene as a solid 



nittobenzene was reduced to the aniline in a manner anaologous to tiiat described in 
Method B3d, step 2. 

25 A22. General Method for Synthesis of cD-AlkoiQr«co*carboxyphenyl Anilines 




(2.1 g). 



20 



Step 2. 4-(4-Methyl5ulfonylpfaeDoxy)-l-aniUne: 4-(4-Me1faylsulfonylphffloxy)-l- 



O 
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Step 1. 4-(3-M ethoxycarbonyM--inetho3:yphenoxy)-l-nitrobeDzeDe: To a solution of 
•(3-carboxy-4-hydroxyphenoxy)-l -nitrobenzene (prepared in a manner analogous to that 
described in Method B3a, step 1, 12 mmol) in acetone (50 mL) was added K2CO3 (5 g) 
and dimethyl sulfate (3.5 mL). The resulting mixture was heated aaaaaat the reflux 
5 tempoerature overnight, then cooled to room temperature and filtered through a pad of 
Celite®. The resulting solution was concentrrated imder reduced pressure, absorbed onto 
silica gel, and purified by column chromatography (50% EtOAc / 50% hexane) to give 4- 
(3-methoxycarbonyM-methoxyph©Qoxy)-l -nitrobenzene as a yellow powder (3 g): mp 



Step 2. 4*(3-Carboxy-4-methoxyphenoxy)-l*nitrobenzene: A mixture of 4-(3- 
methoxycaibonyM-methoxyphenoxy)-l-nitiobenzene {12 g), KOH (0.33 g),and water (5 
mL) in MeOH (45 mL) was stin^d at room temperature overnight and then heated at the 
reflux temperatiu^e for 4 h. The resulting mixture was cooled to room temperature and 
15 concentrated under reduced pressure. The residue was dissolved in water (50 mL), and 
the aqueous mixture was made acidic with a IN HCl solution. The resulting mixture was 
extracted widi EtOAc (50 mL). The organic layer was dried (MgS04) and concentrated 
under reduced pressure to give 4-<3-caiboxy-4-me&oxyphenoxy)*l-mtrobenzene (L04 



B. General Methods of Urea Formation 

Bla. General Method for the Reaction of an Aryl Amine with an Aryl Isocyanate 



115 1 18 «C 



10 




20 
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A^-(5-/fir/-Butyl-2-(3-teti^ydrofuranyloxy)phenyl)-A^H4-methylp : To a 

solution of 5-rer/-butyl-2-(3-teti^ydrofuranyIoxy)aniline (0.078 g, 0.33 mmol) in toluene 
(2.0 mL) was added /?-tolyl isocyanate (0.048 g, 0.36 mmol) and the resulting mixture 
was allowed to stir at room temp, for 8 h to produce a precipitate. The reaction mixture 
S was filtered and the residue was sequentially washed with toluene and hexanes to give the 
desired urea as a white solid (0,091 g, 75%): mp 229-231 ^C; 'H-NMR (DMSOO S 
1.30 (s, 9HX 1.99-2.03 (m, IH), 2.19-2.23 (m, 4H), 3.69-3.76 (m, IH), 3.86-3.93 (m, 3H), 
4.98-5.01 (m, IH), 6.81-6.90 (m, 2H), 7.06 (d, >=8.09 Hz, 2H. 7.32 (d, >8.09 Hz, 2H), 
7.84 (s, IH), 8.22 (d, ,^2.21 Hz, IH), 9.26 (s, IH). 



M(2-Methoxy-5-(trUIUDrometliaDesnlfonyl)phenyl)-7VX4*>>ic^l>ylphenyl)urea: 

Tolyl isocyanate (0.19 mL, 1.55 mmol) was added to a solution of 2-raethoxy-5- 

15 (trifluoromethanesuIfonyl)aniline (0J30 g, 1.29 mmol) in EtOAc (5 mL), and the 
reaction mixture was stiired at room t^p. for 18 h. The resulting precipitate was 
collected by filtration and washed with Et^O to give a white solid (0.28 g). This material 
was then purified by HPLC (C-18 column, 50% Ca^Cti/50% HjO) and the resulting 
solids were triturated with Et^O to provide the title conqiound (0.198 g): ^H-NMR 

20 (C33C13) 6 7.08 (d, ^.5 Hz, 2H), 7.33 (d, J^.5 Hz, 2H), 7.40 (d, J5=8:8 Hz, IH), 7.71 
(dd, /=2.6, 8.8 Hz, IH), 8.66 (s, IH), 8.90 (d, J-2.6 Hz, IH), 9.36 (s, IH); FAB-MS jw/fe 
389((M+1)0. 

Blc General Method for the Reaction of an Aryl Amine with an Aryl Isocyanate 



10 




o=s=o 
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CHF^ 



o=s=o 




CH3 



A^-(2-Methoxy-5-(difluoromethanesuIfonyI)phenyI)-A^H4-mettiylpheny />- 
Tolyl isocyanate (0.058 mL, 0.46 mmol) was added to a solution of 2-methoxy-5- 
(difluoromethanesulfonyl)aniline (0.100 g, 0.42 mmol) in EtOAc (0.5 mL) and the 
resulting mixture was stined at room temp, for 3 d. The resulting precipitate was filtered 
and washed with Et^O to provide the title compound as a white solid (0.092 g): 'H-NMR 
(CDCy 6 2.22 (fi, 3H) 4.01 (s, 3H). 7.02-7.36 (m, 6H), 7.54 (dd, 7-2.4, 8.6 Hz, IH), 8.57 
(s, IH), 8.79 (d, J^2.6 Hz. IH), 933 (s, IH); EI-MS m/z 370 (NT). 

Bid. General Mediod for the Reaction of an Aryl Amine with an Aryl Isocyanate 



Ar-<2»4-Dimethozy-S<trlflaorDmethyl)phenyi)-7VH4-methylpbenyl)urea />-Tolyl 
isocyanate (0.16 mL, 1.24 mmol) was added to a solution of 2,4-dimetfaoxy-5- 
(trifluorometiiyl)aniline (0.25 g, 1.13 nunol) in EtOAc (3 mL) and the resulting mixture 
was stirred at room temp, for 18 h. A resulting precipitate was washed with EtjO to give 
the title compound as a white solid (0,36 g): ^H-NMR (CDCI3) 5 221 (s, 3H), 3.97 (s, 
3H), 3.86 (s, 3H), 6.88 (s, IH), 7.05 (d, J^8.5 Hz, 2H), 7.29 (d, 7-8.5 Hz, 2H), 8.13 (s, 
IH), 8.33 (s, IH), 9.09 (s, IH); FAB-MS m/z 355 ((M+1)*). 

Ble. General Method for the Reaction of an Aryl Amine with an Aryl Isocyanate 




CP3 
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Ar-(3-Methoxy-2-naphthyl)-A^'-(l-naphthyl)urea: To a solution of 2-amino-3- 
methoxynaphthaiene (0.253 g, L50 mmol) in CHjCIj (3 mL) at room ten^. was added a 
solution of 1-naphthyl isocyanate (0247 g, 1.50 ramol) in CHjClj (2 mL) and the 
resulting mixture was allowed to stir ovetnigjit. The resulting precipitate was separated 
5 and washed with CHjClj to give the desired urea as a white powder (0.450 g, 90%): mp 
235-236 '^C; 'H-NMR (DMSO-d,) 6 4.04 (s, 3H), 7,28-7.32 (m, 2H), 7.38 (s, IH), 7.44- 
7.72 (m, 6H), 7.90-7.93 (m, IH), 8.05-8.08 (m, IH), 8.21-8.24 (m, IH), 8.64 (s, IH), 9.03 
(s, IH), 9.44 (s, IH); FAB-MS m/z 343 ((M+H)"). 



1 0 Blf. General Method for the Reaction of an Aryl Amine with an Aryl Isocyanate 



I 0 



A H H 



iV-<S-rer7-Bntyl-2'<2-4err-butoxycarbonyIoxy)ethoxy)phenyO-A^'-<4- 
methylphenyl)urea: A mixture of S-rer/-butyl-2-(2-/err- 

butoxycaibonyloxy)ethoxy)amlme (M^od AlO, 0.232 g, 0.75 mmol) and /7-tolyl 

15 isocyanate (0.099 mL, 0.79 mmol) in EtOAc (1 mL) was stined at room temp, for 3 d to 
produce a solid, which was separated. The filtrate was purified by column 
chromatography (100% CHjClj) and the residue was triturated (E^O/hexane) to give the 
desired product (0.262 g, 79%): mp 155-156 *C; TLC (20% EtOAc/80% hexane) R^O.49; 
'H-NMR (DMSO-de) « 1-22 (s, 9H), L37 (s, 9H), 221 (s, 3H), 4.22-423 (m, 2H), 4.33- 

20 4.35 (m, 2H), 6.89-7.00 (m, 4H), 7.06 (d, >8.5 Hz, 2H), 732 (d. 7-8. 1 Hz, 2H), 7.96 (s, 
IH); 822 (d. ^1.5 Hz, IH). 922 (s. IH); FAB-MS m/z (rel abundance) 443 ((M+H)\ 
6%). 



25 B28. 



General Mefliod for Reaction of an Aiyl Amine with Phosgene Followed by 
Addition of a Second Aryl Amine 
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N-(2*Methoxy-5-(trmuprometbyl)pbenyl)-Ar'-(3K4-pyridmyia To a 

solution of pyridine (0.61 mL, 7.5 mmol, 3.0 equiv) and phosgene (20% in toluene; 2.65 
5 mL, 5.0 nunol, 2.0 equiv) in CHjCl^ (20 mL) was added 2-medioxy-5- 
(trifluoromethyl)aniline (0.48 g, 2.5 nunol) at 0 ""C. The resulting mixture was allowed 
waim to room temp, stiired for 3 h, then treated with anh. toluene (100 mL) and 
concentrated under reduced pressure. The residue was suspended in a mixture of CH2CI2 
(10 mL) and anh. pyridine (10 mL) and treated with 3-(4-pyridinylthio)aniline (0.61 g, 

10 2.5 mmol, 1.0 equiv). The mixture was stirred overnight at room temp., then poured into 
water (50 mL) and extracted with CHjClj (3 x 25 mL). The combined organic layers were 
dried (MgSOJ and concentrated under reduced pressure. The residue was dissolved in a 
minimal amount of CH2CI2 and treated with pet. eflier to give the desiied product as a 
white precipitate (0.74 g, 70%): mp 202 **C; TLC (5% acetone/95% CH^Cy R^0.09; *H- 

15 NMR pMSO-d^) 6 7.06 (d, J=5.5 Hz, 2H), 7.18 (dd, >=2.4, 4.6 Hz, 2H), 7.31 (dd, /= 
2.2, 9.2 Hz. IH), 7.44 (d, /=5.7 Hr, IH), 7.45 (s. IH), 7.79 (d, J^2.2 Hz, IH), 8.37 (s, 

2H), 8.50 (dd, J^2.2, 9.2 Hz, 2H), 9.63 (s, IH), 9.84 (s, IH); FAB^MS mh 420 ((M+H)+ 
70%). 

20 B2b. General Metfiod for Inaction of an Aryl Amine with Phosgene Followed by 
Addition of a Second Aryl Amine 




AK2-Metboxy-^(trifluoromethyOphenyl)-A^H4<<4-pyridinylthlo)phenyl)ura To a 
solution of pyridine (0.61 mL, 7.5 mmol, 3.0 equiv) and phosgene (20% in toluene; 2.65 
25 mL, 5.0 mmol, 2.0 equiv) in CHjClj (20 mL) was added 4-(4-pyridinylthio)aniline (0.506 
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g, 2.5 mmol) at 0 X. After stirring for 3 h at room temp., the mixture was treated with 
anh. toluene (100 mL) then concentrated under reduced pressure. The residue was 
suspended in a mixture of CH2CI2 (10 mL) and anh. pyridine (10 mL) and treated with 2- 
methoxy-5-(trifluon)methyl)aniline (0.50 g, 2.5 mmol, 1.0 equiv). After stirring the 

5 mixture overnight at room temp., it was poured into a 1 N NaOH solution (50 mL) and 
extracted with CH2CI2 (3 x 25 mL). The combmed oiganic layers were dried (MgSO^ 
and concenttated under reduced pressure to give the desired urea (0.74 g, 7l%): mp 215 
^C; TLC (5% acetone/95% CH^Cy R^O.OS; 'H-NMR (DMSO-d,) 5 3.96 (s, 3H), 6.94 
(dd, ^1.1, 4.8 Hz, 2H), 7.19 (d, 7-8.4 Hz, IH), 7.32 (dd, ^2.2, 9.3 Hz, IH), 7.50 (d, 

10 ^8.8 Hz, 2H), 7.62 (d, J=8.8 Hz, 2H), 8.32 (d, J^5.1 Hz, 2H), 8.53 (d, J=0.7 Hz, IH), 
8.58 (s, IH), 9.70 (s, IH); FAB-MS m/z 420 ((M+H)"^. 



B3a. General Method for the Reaction of an Aryl Amine with Phosgene with 
Isolation of the Isocyanate, Followed by Reaction with a Second Aryl Amine 

SO2CHF2 



NCO 




15 MeO 

Step 1. 5*(Diflaoromethanesulfonyl)-2-methoxyphenyI isocyanate: To a solution of 
phosgene (1.95 M in toluene; 3.0 mL, 5.9 mmol) in CHjCl^ (40 mL) at 0 "^C was added a 
solution of 5-(difiuoiDmethanesulfonyl>-2-methoxyaniline (0.70 g, 2.95 mmol) and 
pyridine (0.44 niU 8.85 mmol) in (S^Cls (10 mL) diopwise. After being stirred at 0 

20 for 30 min and at room temp, for 3 h, ttie reaction mixture was concentrated und^ 
reduced pressure, then treated wifli toluene (50 mL). The resulting mixture was 
concentrated under reduced pressure, then was treated with BtjO (SO mL) to produce a 
precipitate (pyridinium hydrochloride). The resulting filtrate was concentrated under 
reduced pressure to provide the title compound as a white solid (033 g). Iliis material 

25 was used in the next step witiioutfinflier purification. 
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MeO ' F 

Step 2. A^'(2-Methoxy-5-{difluoromethanesulfonyI)phenyl)-yV'-(2-fluoro-4- 
methylphenyl)urea: 2-Fluoro-4-methylamline (0.022 mL, 0.19 mmol) was added to a 
solution of 5-(difluoromethanesulfonyl)-2-methoxyphenyl isocyanate (0.046 g, 0.17 
mmol) in EtOAc (1 mL). The reaction mixture was stirred at room temp, for 3 d. The 
resulting precipitate was washed with Et^O to provide the title compound as a white solid 
(0.055 B): (CDCy 6 2.24 (s, 3H), 4.01 (s, 3H), 6.93 (d. ^8-5 Hz, IH), 7.01- 

7.36 (m, 3H), 7.56 (dd, >=2.4, 8.6 Hz, IH), 7.98 (app t, ^8.6 Hz, IH), 8.79 (d, J=ll Hz. 
IH), 9.07 (s. IH), 9.26 (s, IH); FAB-MS m/z 389 ((M+1)0. 

B3b. General Method for the Reaction of an Aiyl Amme with Phosgene with 
Isolation of the Isocyanate, FoUowed by Reaction with a Second Aryl Amine 

CF3 




Step 1. 2-Methoxy-5-trifluorometbyiphenyl Isocyanate: To a solution of phosgene 
(1.93 M in toluene; 16 mL, 31.4 mmol) in CHjClj (120 mL) at 0 was added a solution 
of 2-methoxy-5-(trifluoiomethyl)anilme (3.0 g, 15.7 mmol) and pyridine (2.3 mL, 47.1 
mmol) in CHjCl^ (30 mL) dropwise. The resulting mixture was stiired at 0 for 30 min 
and at room temp for 3 h, then concentrated under reduced pressure. The residue was 
diluted with toluene (30 mL), concoitrated under reduced pressure, and treated with EtsO. 
The resulting precipitate (pyridinium hydxochloride) was removed and the filtrate was 
concentrated under redeuced pressure to give the tide conqiound as a yellow oil (3.0 g) 
whidi crystallized iqum standing at room tenqi. for a few days. 

MeO " 
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Step 2. A^-(2-Methoxy-5-(trifluorpmethyl)phenyl)- A^M4-fluorophenyI)urca: 4- 
Fluoroaniline (0.24 mL, 2.53 mmol) was added to a solution of 2-methoxy-5- 
(trifluoromethyl)phenyl isocyanate (0.50 g, 2.30 mmol) in EtOAc (6 mL) and the 
reaction mixture was stirred at room temp, for 3 d. The resulting precipitate was washed 
5 with EtjO to give the title compound as a white solid (0.60 g): NMR: 3.94 (s, 3H). 7.13- 
7,18 (m, 3H), 7.30 (dd, >1.5, 8.4 Hz, IH), 7.44 (m, 2H), 8.45 (s, IH), 8.52 (d, J^22 Hz, 
IH), 9.42 (s, IH); FAB-MS m/z 329 ((M+1)^. 

B4* General Method for Urea Formation via Curtius Rearrangement, Followed 
10 by Trapping with an Amine 



JV-(3-Methoxy-2-naphthyl)-A^M4-methylphenyl)urea: To a solution of 3-methoxy-2- 
naphthoic acid (Method A6, Step 2; 0.762 g, 3.80 mmol) and EtjN (0.588 mL, 4.2 mmol) 
in anh toluene (20 mL) at room temp, was added a solution of diphenylphosphoryl azide 

IS (1.16 g, 4.2 mmol) in tohiene (5 mL). The resultmg mixture was heated to 80 X for 2 h, 
cooled to room temp., and p-toluidine (0.455 g, 4.1 mmol) was added. The mixture was 
heated at 80 ovemi^t, cooled to room tonp., quenched witii a 10% citric acid 
solution, and extracted with EtOAc (2 x 25 mL). The combined organic layers were 
washed with a saturated NaCl solution (25 mL), dried (MgS04), and concentrated in 

20 vacuo. The residue was triturated with CRjCh to give the desired urea as white powder 
(O.700 g, 61%): mp 171-172 ^C; "H-NMR (DMSO^Je) 5 2.22 (s, 3H), 3.99 (s, 3H), 7.07 
(4*^8.49 Hz, 2H), 7.27-7.36 (m, 5H), 7.67-7.72 (m, 2H), 8.43 (s, IH), 8.57 (s, IH), 9.33 
(s, IH); FAB-MS m/z 307 ((M+H)^. 




25 B5. General Method for the Reaction of Substituted Aniline with A^AT'- 
Carbonyldiimidazole Followed by Reaction with a Second Amine 
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CI 



O2N 




HO 



A^(5-Chloro*2-hydroxy-4-nttropheityI)-iV^4-(4-pyridmylmethyO A 
solution of 4-(4-pyridinylm^yI)aniline (0.300 g, L63 xnmol) and A^,/^- 
caifoonyldiimidazole (0.268 g» 1.65 mmol) in CH2CI2 (10 mL) was stirred at room temp. 
5 for 1 b at which time TLC analysis indicated no starting aniline. The reaction mixture 
was then treated with 2-amino-4-chloro*5-nitrophenol (0.318 g, L65 mmol) and stirred at 
40-45 for 48 h. The resulting mixture was cooled to room ten:q>. and diluted with 
EtOAc (25 mL). The resulting precipitate was separated to give the desired product 
(0.416 g, 64%): TLC (50% acetone/50% Ol^Cy 0.40; *H-NMR (Dl^ 
10 (s, 2H), 7.18 (d, >=8.4 Hz, 2H), 7.21(d, Hz, 2H), 7.38 (d, >8.4 Hz, 2H), 7.54 (s, IH), 
8.43-8.45 (m, 3H), 8.78 (s, IH), 9.56 (s, IH), 11.8 (br s. IH); FAB-MS m/z (rel 
abundance) 399 ((M+H)+ 10%). 

B6. General Method for the Synthesis of Symmeteical Diphenyl Ureas as Side- 
15 Products of Urea Forming reactions 



Bis(4-chloro-3-(trifIttoromethji)pheny0urea: To a sohidon of 5-amino-3-/err- 
butylisoxazole (0.100 g) in anh tohiene (5 mL) was added 4-chlon>-3- 
(trifIuorometbyl)phenyl isocyanaie (0.395 g). The reaction vessel was sealed, heated at 

20 85 °C for 24 h» and cooled to room temp. The reaction mixture was added to a slurry of 
Dowex^ 50WX2-100 resin (0.5 g) in CI^Cl, (40 mL), and the resulting mixture was 
stirred vigorously for 72 h. The mixture was filtered and ttie filtrate was concmtrated 
under reduced pmsure. The residue was purified by column chromatogrqihy (gradient 
form 100% CH2CI2 to 5% MeOH/95% CHjClj) to give bis(4-chloro.3- 

25 (trifluoromediyl)phenyl)urea followed by Ar-(3-/er/-butyI-5-isoxa2olyl)-^'-(4<:Uoro-3- 
(trifluoromettiyl)phenyl)urea. The residue fiom the symmetrical urea fi:actions was 
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triturated (EtjO/hexane) to give the urea as a white solid (0. 110 g): TLC (3% MeOH/97% 
CHjClj) 1^0.55; FAB-MS m/z 417 ((M+H)*). 

C. Urea Interconversions and Misc. Reactions 
CI. General Method for Alkylation of Hydroxyphenyl Ureas 

SCF3 



io H H . 



OH 

Step l.A^-(2-Hydro]^-5-(trifluorometfaylthio)phenyI)-^'-{4-methyIphenyI)urea: p- 
Tolyl isocyanate (0.066 mL, 0.52 mmol) was added to a solution of 2-hydroxy-5- 
(trifluoromethylthio)amline (0.100 g, 0.48 nunol) in EtOAc (2 mL) and the reaction 
10 mixture was stirred at room teo^. for 2 d. The resulting precipitate was washed with 
EtOAc to provide the titie compound (0.13 g): 'H-NMR (CDClj) 82.24 (s, 3H). 7.44- 
7.03 (m, 6H), 8.46 (s, IH), 8.60 (d, .^1.8 Hz. IH). 9.16 (s, IH). 10.41 (s, IH); FAB-MS 
m/z 343 ((M+I)0- This material was used in the next without purification. 

SCF3 

MeO " 

IS Step 2.iV«<Z-Afetlioxy-*5-(triflaoromethyIdiio)pheny^ A 

solution of iV^-<2-hydioxy-SKtrifhioromethyiaio)phenyl^ (0.125 
g, 0.36 mmol), iodomethane (0.045 mL» 0.73 mmol), and K2CO3 (100 mg, 0.73 mmol) in 
acetone (2mL) was heated at flieieflux temp, for 6 fa, then was cooled to room temp, and 
concentrated under reduced pressure. The residue was dissolved in a minimal amount of 
20 MeOH, absoibed onto silica gel, and Ifam purified by flash chromatograpy (3% 
Et20/97% CH2CI2) to provide ttie title compound as a white solid (68 mg): 'H-NMR 
(CDCI3) 5 2.22 (s, 3H), 3.92 (s, 3H), 7.05-7.32 (m, 6H), 8-37 (s, IH), 8.52 (d, J=0.1 Hz, 
IH), 9.27 (s, IH); FAB-MS mh 357 ((M+l)"). 
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C2. General Method for the Reduction of Nitro-Containing Ureas 




iV-(5<^^-Butyl-2-meflioxyphenyl)TAr^-(2-amino*4-methylpheny A solution of 

N<5-le^^blltyl-2-methoxyphalyl)-i\^'■<2-nit^o-4-m (prepared in a 

5 manner analogous to Method Bla; 4.0 g, 1 1.2 mmol) in EtOH (100 mL) was added to a 
sluny of 10% Pd/C (0.40 g) in EtOH (10 mL), and the resulting mixture was stirred under 
an atmosphere of Hj (balloon) at room temp, for 18 h. Tlie mixture was filtered through a 
pad of Celite® and concentrated in vacuo to afford the desired product (3.42 g, 94%) as a 
powder: mp 165466 X; 'H-NMR (DMSO-d^) 8 1,30 (s, 9H), 2,26 (s, 3H), 3.50 (br s, 
10 2H), 3.71 (s, 3H), 6.39 (br s, IH), 6.62 (s, IH), 6.73 (d, ^8.46 Hz, IH), 6.99 (dd, J=2.21, 
8.46 Hz, IH), 7.05 (d, J^8.46 Hz, IH), 7J29 (s, 1H)„8.22 (d, y«2.57 Hz, IH); FAB-MS 
m/z 328 ((M+H)"). 

C3. General Method of Thiourea Formation by Reaction with a Thioisocyanate 



NK5-reft-Butyl-2-methozyphenyI)-Ar^(i.naphthyl)thioarea: To a solution of 5-tert- 
butyl-2-methoxyaniline (0.372 g, 2.07 mmol) in toluene (5 mL) was added 1-naphthyl 
thioisocyanate (0384 g, 2.07 mmol) and fiie resulting mixture was allowed to stir at room 
tenq>. for 8 h to produce a precipitate. The solids were separated and sequentially washed 



20 with toluene and hexane to give the deshed product as an off-white pwoder (0.364 g, 
48%): mp 158-160 X; ^H-NMR (DMSO-dJ 6 1.31 (s, 9H), 3.59 (s, 3H), 6.74 (d, >8.46 
Hz, IH), 7.13 (dd, >2.21, 8.46 Hz, IH), 7.53-7.62 (m, 4H), 7.88-7.95 (m, 4H), 8.06-8,08 
(m, IH), 8.09 (br s, IH); FAB-MS m/z 365 ((M+H)^. 



15 




70 

C4. General Method for Deprotection oftert-Bntyl Carbonate-Containing Ureas 




iV-(5-/m-Butyl-2-(2-hydroxyethoxy)phenyl)-JV^H^methy A solution of 

M(5-rerf-butyl-2-(2-rerr-butoxycari)onyloxy)et^ 

5 (Method Blf; 0-237 g, 0.54 namol) and TFA (0.21 mL, 2.7 mmol) in OIjCl^ (2 mL) was 
stirred at room temp for 18 h, then was washed with a saturated NaHCX>3 solution (2 mL). 
The organic layer was dried by passing tlm>ug}i IPS filter paper (Whatman^ and 
concentrated under reduced pressure. The resultixig white foam was triturated 
(EtjO/hexane), tfien reciystallized (Et^O) to give Ae desmrf product (3.7 mg): TLC (50% 

10 EtOAc/50% hexane) 0.62; *H-NMR (DMSO-d^) 6 1.22 (s, 9H), 3,75-3.76 (m, 2H), 
4.00^.03 (m, 2H), 4.80 (t, J-^.O Hz, IH), 6.88^.89 (m, 4H), 7.06 (d, >8.5 Hz, 2H), 
7.33 (d, ^8.1 Hz, 2H), 7,97 (s, IH), 8.20 br s, IH), 9.14 (s. IH); FAB-MS m/z (rel 
abundance) 343 ((M^-H)^ 100%). 

15 

The following compounds have been synthesized according to the Genoal Methods listed 
above: 

Table 1. 2--Sttbstltuted-5-/^4intyl^henyl Ureas 



20 




Example 


R' 


R» 


(•q 


TLC 


S<dveiit 
Svstem 


Mass 
Spec. 


Source 


Synfli. 
Mediod 


1 


OH 






0^ 


2% 

kleOH / 
98% 


299 

(M+H)+ 


FAB 


Bid 
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CH2C12 








2 


OMe 


-nQ-Me 


199- 
200 






313 

(M+H)+ 


FAB 


Bid 


3 


OMe 




208- 
209 






390 
(M+) 


EI 


Bid 


4 


OMe 




192- 
194 






389 

(M+H)+ 


FAB 


Bid 


5 


OMe 






0.58 


50% 

EtOAc / 

50% 

hexane 


347 

(M+H)+ 


FAB 


B3b 


6 


OMe 






0.62 


50% 

EtOAc / 

50% 

hexane 


351 

(M+H)+ 


FAB 


B3b 


7 


OMe 


-Q-Me 




0.71 


50% 

EtOAc / 

50% 

hexane 


331 

(M+H)+ 


FAB 


Bid 


8 


OMe 


Me 




0.74 


50% 

EtOAc / 
50% 


331 

(M4H)+ 


FAB 


B3b 


9 


OMe 


— ^^T'Me 
Me 




0.66 


20% 

EtOAc / 

80% 

hexane 


327 

(M+H)+ 


FAB 


Bid 


.10 


OMe 


F 




0.62 


20% 

EtOAc / 

80% 

hexane 


331 


FAB 


Bid 


11 


OMe 






0.42 


13% 

EtOAc / 
87% 


335 

(M+HH 


FAB 


Bid 


12 


OMe 


Me 




0.52 


2% 

MeOH / 

98% 

CH2C12 


327 

(M+10+ 


FAB 


Bid 


13 


OMe 


F 




0J6 


2% 

MeOH / 
98% 

CH2C12 


335 

(M+H>+ 


FAB 


Bid 


14 


OMe 


a 




0.48 


2% 

MeOH / 

98% 

CH2C12 


351 

(M+H)+ 


FAB 


Bid 


15 


OMe 


a 




0.50 


2% 

MeOH / 

98% 

CH2C12 


347 

(M+H)+ 


FAB 


Bid 


16 


OMe 




201- 
202 






390 

(M+H)+ 


FAB 


B2i 
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17 


OMe 




199. 

200 






390 

(M-«)+ 


FAB 


B2a 


18 


OMe 




198* 
199 


0.45 


25% 
EtOAc / 
75% 
faexa&e 






Bla 


19 


OMe 




181- 
182 






389 

(M+H)+ 


a 


B2a 


20 


OMe 




181- 
183 






390 

(M+) 


EI 


Bla 


21 


OMe 


-{>Me 


175- 
177 






358 

(M-m)+ 


FAB 


Bla 


22 


OMe 




219- 
220 






358 

(MfH)+ 


FAB 


Bia 


23 


OMe 




165- 
166 






328 


FAB 


C2 




tWMm 

UAae 




102* 
104 






271 

(M^«)+ 


Cab 

FAB 


C2 


25 


OMe 




236- 
238 




• 


349 


FAB 


Bla 


26 


OMe 


">? 

a a 


192- 
194 






367 

(M+H)+ 


FAB 


Bla 


27 


OMe 




137- 
140 






550 

(M+H)+ 


FAB 


B2b 


2S 


OMe 




197- 
199 






434 

(M+H>f 


Q 


A8,B2a 






p-o 


215 










Aca 


30 


OMe 


-O-O-O-M. 


195 






405 

(M+H>f 


FAB 


Ble 


31 


OMe 




no 


0^ 


5% 

sceione / 

95% 

CH2CI2 


408 

(M+H)f 


FAB 


B2b 


32 




-O-oO 


185 


0.67 


5% 

toeume / 

95% 

CH2C12 


425 

(M-»«)+ 


FAB 


B2a 
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33 


OMe 




214- 
215 


0.54 


5% 

acetone / 

95% 

CH2C12 


448 

(M+H)+ 


FAB 


B2a 


34 


OMe 


-Q-O-Q-OM. 


180 


0^6 


5% 

acetone / 

95% 

CH2C12 


421 


FAB 


B2a 


35 








0.67 


50% 

EtOAc / 

50% 

hexAoe 


343 

(M+H)+ 


FAB 


AlO. BIC 
C4 


36 


Me 






0.45 


50% 

EtOAc / 

50% 

hesostt 


340 

(M+^H)+ 


FAB 


Bid 


37 


Me 
Me 




222* 
223 






354 

(M+HK 


£S 


Blc 


38 


0 


-Q-Mc 


205 








FAD 


RIM 


39 


0 

IJ 


\ / 


230- 
232 






367 

(M+H)+ 


FAB 


Bid 


40 


O^NH 
Me 




197. 
19S 






406 

(M+H>+ 


FAB 


A9,Bla 


41 


Me 




204- 
205 






392 


FAB 


A9«Bla 


42 


'"1 

O^NH 
Me 


Q CI 


217. 
218 






424 


FAB 


A9,Bla 


43 


Kle 




187. 
188 






370 

(M+Hh- 


FAB 


A9.Bla 


44 


^0 

V 

0 




118- 
120 






462 

(M+H)+ 


FAB 


A9«Bla 


45 


V 

0 




146- 
148 






448 

(M+H>f 


FAB 


A9«Bla 
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74 



46 


V 

0 


-« 

Q a 


no- 

113 






480 


FAB 


A9,Bla 


47 


V 

HN^ 




100 






400 

(M+HK 


FAB 


A931a 


48 


NHMe 




107- 
110 






398 


FAB 


A9,Bla 


49 


NHMe 


CFj 


180- 
1S2 






472 

(M^H^+ 


FAB 


A9,Bla 


50 


NHMe 




217- 
219 






388 


FAB 


A9,BU 


51 


NHMe 




116- 
120 






420 


FAB 


A9,Bla 


52 


NHMe 




100- 
105 






406 


FAB 


A9.B18 


53 


NHMe 




103- 
105 






438 

(M+HK 


FAB 


A9,Bla 


54 


NHMe 




118- 
120 






364 


FAB 


A9,Bla 


55 


1 




125- 
128 






394 


FAB 


Al«Bla 


56 


1 


-Q-a 


227- 
230 






468 


FAB 


Al,Bla 


57 


1 


Q a 


154- 
156 






434 


FAB 


Al.Bla 


5S 






169* 
171 






373 


FAB 


A2,Bla 
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59 


"0 


/A 

a a 


157. 
159 






423 

(M+H)+ 


FAB 


A2,BU 


60 






229- 






369 


FAB 


A2»Bla 


62 


'SO2M 




200- 
204 






468 


FAB 


B2a 


62 


so^ 




187- 
188 






508 

(M+H)+ 


FAB 


B2a 


63 




a a 


204- 
205 






413 

(M+H)+ 


FAB 


Bla 


64 


Oh 


-O-Me 


192- 
194 






389 

(M+H)+ 


FAB 


A7,Bla 


65 


-Q 

ON 


-8 


183. 
185 






425 

(M4H)+ 


FAB 


A7,Bla 


66 


ON 




159- 
160 






443 

(M+H)+ 


FAB 


A7«Bla 


67 


-Q 




179- 
180 






411 

{M+H)+ 


FAB 


A7,Bla 


68 


-<3 






0.06 


10% 

EfQAc / 
90% 


408 

(M4«)+ 


FAB 


A7,Bla 


69 


-0- 




227- 
229 






377 

(M+H)+ 


FAB 


A7,Bla 


70 


-0 




216* 
217 






381 


FAB 


A7.Bla 


71 


-0 




213* 
214 






431 


FAB 


A7.Bla 


72 


-0 




200. 
201 






399 


FAB 


A7.Bla 


73 






134- 
136 






443 
(M+) 


£1 


A7.Bla 
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76 



74 






185- 
186 






459 

(M+H)+ 


FAB 


A7,Bla 


73 




a a 


207- 
208 






419 


FAB 


A7,BIa 
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Table 2. 



2-Snbstitated-5-(triflaoroinetbyI^heflyi Ureas 
1 H H 










top 


TL 
C 


Solveot 
System 


Mass 
Spec 


Source 


Synth. 
Mediod 


76 


OMe 


^Me 


IBS- 
186 






325 

(M4H>f 


FAB 


Bid 


77 


OMe 






2 


20% 

EtOAc / 
B0% 


329 

(M+H>^ 


FAB 


B3b 


78 


OMe 






0.4 
9 


20% 

EtQAc / 

80% 

hextne 


343 

(M4H>^- 


FAB 


B3b 


19 


OMe 


Me 




03 
2 


20% 

EtOAc / 

80% 

hcjbtne 


343 


FAB 


B3b 


80 


OMe 






03 
7 


20% 

EtOAc / 
80% 


359 

(M+H)f 


FAB 


B3b 


81 


OMe 


a 




0.4 
4 


20% 

EtQAc / 
80% 


363 

(M-«K 


FAB 


B3b 


82 


OMe 


-Q-Me 
Me 




0.6 
8 


50% 

EtOAc / 
50% 


339 

(M+H)+ 


FAB 


Bid 
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78 













hexane 








83 


OMe 


-Q-Mc 
F 




0.6 
8 


50% 

EtOAc / 

50% 

hexsne 


343 

(M+H)+ 


FAB 


Bid 




OMe 






0.6 
0 


50% 

EtOAc / 

50% 

hextse 


347 

(M4H>f 


FAB 


Bid 


85 


OMe 


-Q-M. 




0^ 
3 


2% 

MeOH / 

98% 

CR2C12 


339 

(M+HH 


FAB 


Bid 


86 


OMe 


F 




0^ 
9 


2% 

MeOH / 

98% 

01202 


347 

(M-HH)+ 


FAB 


Bid 


87 


OMe 


a 




0^ 
7 


2% 

MeOH / 

98% 

OI202 


363 


FAB 


Bid 


88 


OMe 


-Q-Me 

a 




0.4 

5 


2% 

MeOH / 
OI202 


359 

(M4H)+ 


FAB 


Bid 


89 


OMe 




185 












90 


OMe 




176- 
178 






402 (M4^) 


£1 


Bla 


91 


OMe 


-8 


231. 
233 






361 

(M-«H 


FAB 


Bla 


92 


OMe 




192- 
194 






379 

(M+H)+ 


FAB 


BU 


93 


OMe 




198 






417 


FAB 


file 
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OA 
V** 


UMc 


^L/ ^^^^ 


206 


0.5 
8 


5% 

acetone / 

95% 

CW2C12 


437 

{M+H)+ 


FAB 


B2a 




XJmC 




98-99 


0.5 
0 


5% 

fCCTOUf / 

95% 
CH2C12 






B2a 


96 


OMe 




190 


0.6 

5 


5% 

acetone / 

95% 

CH2C12 






B2a 


97 


OMe 




194 


0.7 
6. 


5% 

acetone / 
95% 

CH2C12 


464 

(M+H)+ 


FAB 


B2a 


98 


OMe 




210- 
211 


0.0 
7 


5% 

acftoue / 

95% 

01202 


402 

(M+H)* 


FAB 


B2a 


an 

99 


OMC 




202 


OlO 
9 


5% 

acetone / 

95% 

01202 


420 

(M+H)+ 


FAB 


B2a 


100 


OMe 




215 


0.0 

a 


5% 

acetone / 
95% 

ono2 


420 


FAB 


B2a 


lot 


OMe 




♦wo 


w.V 

5 


acetone / 

95% 

02202 


SUA 






102 


OMe 


a 




0.7 
8 


5% 

acetone / 

95% 

CH202 


471 


FAB 


BU 
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80 



103 


OMc 


Me 








471 

(M+HH 


FAB 


Bla 


104 


OMe 










487 

(M+HH 


FAB 


Bla 


105 


S ^ 
Me 






0.6 
5 


20% 

EtOAc / 

80% 

hexane 


352 

(M+H)+ 


FAB 


Bid 


106 


T 
OMe 




159- 
160 


03 
3 


25% 

EtOAc / 
75% 


353 

(M4H)+ 


FAB 


A5»BIa 


107 


T 
OMc 




152- 
153 


03 
5 


25% 

EtOAc / 
75% 


339 

(M+H)+ 


FAB 


A5,Bla 


108 


SMe 


"8 


246- 
247 


03 
0 


25% 

EtOAc / 

75% 

l^xnie 


377 

(M+H>f 


FAB 


Bla 


109 


SMe 




210- 
211 


03 
5 


25% 

EtOAc / 
75% 


345 

(M+H>t- 


a 


Bla 


fin 
llv 


aMe 




1S5- 
196 


03 
5 


25% 

EtOAc / 
75% 


314 

{M+H)+ 


FAB 


ola 


111 


SMe 




196- 
197 


OA 
0 


25% 

EtOAc / 
75% 


395 


FAB 


Bla 
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Tables. 



iS-Sabstitated 2-Methoxy-5-SttlfonylpheDyI Ureas 




MeO 



O 
H H 



Example 






rc> 


TLC 


Solvent 


Mass 

Spec. 


Source 


Synth. 
Method 


112 


vsss/ 


F 


205- 
207 






339 


HPLC 
ES-MS 


Bid 


113 




CHFj 


195- 
196 






370 (M+) 


£1 


Bid 


114 


\sss( 
Mc 


CHF2 




0.46 


50% 

EtOAc / 
50% 

hCXBSC 


389 

(M4H>f 


FAB 


B3a 


1X5 




CHF2 




QJ21 


50% 

EtOAc / 

50% 

liexazie 


405 


FAB 


B3a 


116 


a 


CHF, 




0.23 


20% 

EtOAc / 

80% 

hcxsnc 


409 


FAB 


B3a 


117 




CEIF2 




OM 


50% 

EtOAc / 
50% 


389 


FAB 


B3a 


118 


-o 


CHFj 




0.53 


50% 

BOAc / 
50% 


375 


FAB 


B3a 
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82 



119 


F 


CHFj 




0.58 


50% 

EtOAc / 

50% 

faexaae 


389 

(M+H)+ 


FAB 


Blc 


120 


F 


CHFj 




0.48 


50% 

EtQAc / 

50% 

Itexaiie 


389 

(M+H>+ 


FAB 


Bid 


121 


F 


CHFj 




0.44 


50% 

EtOAc / 
50% 

llCXflDC 


393 

(M+H)+ 


FAB 


Blc 


122 


Me 


CHFj 




033 


5% 

MeOH / 

CKOZ. 

CBica 


385 

(M+H)+ 


FAB 


Blc 


123 


F 


CHFj 








393 

(M+H)+ 


FAB 


Blc 


124 


a 


CHF] 








409 

(M+HH 


FAB 


Blc 


125 


a 


CHF, 








405 

(M+H>+ 


FAB 


Blc 




Me 






A 


50% 

EtOAc / 
50% 


385 

(M+H)+ 


FAB 


Blc 


127 


-0-* 


CF, 




0J6 


50% 

EtOAc / 

50% 

licxsnc 


389 

(M4M>+ 


FAB 


A3»Bld 
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Table 4. 3-Siib$titttted-2-naphthyl Ureas 












lie 


Solveat 
Svstnn 


Mass 
Spec. 


Source 


Systfa. 
Method 


128 


OMe 




171- 
172 


0.40 


25% 

EtOAc / 

75% 

bexone 


307 

(M^fi)^- 


FAB 


B4 


129 


OMe 


^M, 
F 


197- 
199 


0.40 


14% 

EtOAc / 

n6% 


325 

(M+H)* 


FAB 


B4 


130 


OMe 


"8 


235. 
236 


0.45 


25% 

EtOAc / 

75% 

faextne 


343 

(M-^HH 


FAB 


A6»Bla 


131 


OMe 




236. 
237 


0.45 


25% 

EtOAc / 
75% 


311 

(M-«>+ 


FAB 


A6,Bla 


132 


OMe 




209- 
211 






311 

(M+HH 


FAB 


A6,Bla 


133 


OMe 


Me"^ Me 


225- 
226 






321 

(M+H)+ 


FAB 


A6,Bla 


134 


OMe 


CFj 


199* 
200 






395 

(M^Hy^ 


FAB 


A6,Bla 


13S 


OMe 


a 


227- 
228 






361 

(M+II)+ 


FAB 


A6,Bla 



SUBSTTTUTE SHEET (RULE 26) 



wo 99/32463 



PCT/US98/27265 



84 



136 


OMe 


a 


207. 
208 






327 

(M-«)+ 


FAB 


A6,Bla 


137 


OMe 


a 


234. 
235 






361 

(M+H)+ 


FAB 


A6.Bla 


138 


OMe 


Mc NO2 


228- 
229 






352 

(M+H)+ 


FAB 


A6,Bla 


139 


OMc 


MeO 

-b 


190. 
195 






323 


FAB 


A6»Bla 


140 


OMe 


F 


203- 
205 






310 

(MHW+ 


FAB 


A6,Bla 


141 


OMe 


Me 


209. 
210 






307 

(M+H>+ 


FAB 


A6,Bla 


142 


OMe 


-^QMe 


200- 
20] 






323 

(M-»«H 


FAB 


A6,Bla 


143 


OMe 




201- 
202 






307 

(M+HH- 


FAB 


Ad^Bla 


144 


OMe 




216. 
218 






385 

fM+HH 


FAB 


A6,BU 


14S 


OMe 




181- 
182 






361 

(M+HH 


FAB 


Afi^BU 


146 


OMe 




238* 
239 


0^ 


25% 

ElOAc / 

75% 

hexene 


402 

(M4Hh»- 


FAB 


B4 


147 


OMe 




199. 
200 


0^0 


25% 

ElOAc / 

75% 

hcMQie 


384 

(M+H^ 


FAB 


B4 


148 


OMe 




175- 
176 






321 

{M+HH 


FAB 


A6.Bla 
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85 



149 


OMe 




164. 
166 






544 

(M4H)+ 


FAB 


A6«Bla 


150 


OMe 


-^-S-Q-NOi 


206- 
209 






446 


FAB 


A6,Bla 


151 


OMe 




234. 
237 






410 

(M+H)+ 


FAB 


B2a 


152 


OMe 


-nQ-o-Q-OMe 


209- 
211 


0.40 


25% 

EtOAc f 
75% 


414 (M+) 


H 


B4 
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Tables. Misc. Ureas 



£XflXDp]c 




m 


TLC 


Solvem 
SvstczD 


Mass 
Spec. 


Source 


Synth. 
Method 


153 




183. 
184 






327 


FAB 


Bid 


154 


M 




156^ 
157 






312 (M+) 


H 


Bid 


155 






0.46 


50% 

EtOAc / 

50% 

hcxttnc 


291 


FAB 


Bid 


156 


















157 


HO *^ " 




0.40 


50% 

acetone / 

50% 

CH2C12 


399 


FAB 


B5 


158 


Mao " 


219- 
221 






336 


FAB 


Bid 


159 




204- 
205 






305 


FAB 


Bid 


160 




208- 
210 






302 

(M+H>f 


FAB 


Bid 



SUBSTITUTE SHEET (RULE 26) 



wo 99/32463 



PCT/US98/27265 



87 



161 


MeO ^ ^ 


226- 






355 


FAB 


Bid 


162 


MaO " " 


160- 
162 






328 

(M+H)+ 


FAB 


Bla 


163 


MeO " " 






50% 

BlOAc / 

sm, 


291 

{M4H)+ 


FAB 


Bib 


164 


iteo " " a 


225- 
226 


0.60 


25% 

EtOAc / 

75% 

henne 


367 


FAB 


A4,Bla 


165 






OSS 


3% 

McOH / 

97% 

CH2a2 


417 

(M+H>+ 


FAB 


B6 


166 




169. 
171 






407 

(M+H)+ 


FAB 


BU 


167 




158- 
160 




a 


365 


FAB 


C3 



mOtQQKAL EXAMTLES 

5 The in vilro iohihitoiy fmpaScs of confounds woe ^ftmninfft Jiang a p3S Idiiase 
iDhibitioD assay. P38 activity was detected tisnig an in vAn> kinase assay lun in 96*wdl 
suaotiter plates. Recombinant famnan pSS (D.5 iigteL) was mixed widi subsbate (myelin 
basic praietn, 5 iigAnL) in kinase bufifer (ZS mM Hepes» 20 mM MgCl, and 150 mM 
NaCl) and oonqiound. One iiG/well of ^-labded ATP (10 pM) was added to a final 
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volume of 100 jiL. The reaction was run at 32 °C for 30 min. and stopped with a IM HCl 
solution. The amount of radioactivity incorporated into the substrate was determined by 
trapping the labeled substrate onto negatively charged glass fiber filter p^er using a 1% 
phosphoric acid solution and read with a scintillation counter. Negative controls include 
5 substrate plus ATP alone. 

All compounds exemplified displayed p38 IC^ of between 1 nM and 10 ^M. 

LPS Induced TNFa Production in Mice: 

10 The in vivo inhibitoiy properties of selected compoimds were deteixnined using a murine 
LPS induced TNFa production in vivo model. BALB/c mice (Charles River Breeding 
Laboratories; Kingston, NY) in groups of ten were treated with either vdiicle or 
compoimd by the lOitte noted. After one hour, endotoxin (E. coli lipopolysaccharide 
(LPS) 100 ng) was administered intraperitoneally (i.p.). After 90 min, animals were 

15 euthanized by carbon dioxide asphyxiation and plasma was obtained fiom individual 
animals by cardiac puncture ionto hqiarinized tubes. The samples were clarified by 
centrifugation at 12,500 x g for 5 min at 4 ^C. Tlie supematants were decanted to new 
tubes, which weare stored as needed at -20 ^C. TNFa levels in sera were measured using 
a conunercial murine TNF ELIS A kit (Genzyme). 

20 

The preceeding examples can be tcpeatcd with similar success by substituting the 
geneiically of specificaUy desoibed leactants and/or operating conditions of this 
invention iot those used in the preceeding exaiiq>les 

25 From the foregoing discussion, one skilled in &e art can easily ascertain the essential 
characteristics of this invention and, without departing &om the spirit and scope thereof 
can make various changes and modifications of the invmtion to ad^t it to various usages 
and conditions. 
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WHAT IS CLAIMED IS: 

1. A method of treating a disease, other than cancer, mediated by p-38» 
1 0 comprising administering a compound of fomiula I 




B is a substimted or misubstituted, up to tricyclic aryl or heteroaryl moiety of up to 30 
carbon atoms with at least one 6-mraiber aromatic structure containing 0-4 members of 
the group consisting of nitrogen, oxygen and sulfur, wherein if B is substituted, it is 
substituted by one or more substiments selected from the groq) consisting of halogen, 

25 up to per^olo, and W^, wherdn n is 0-3 and eadi W is independratly selected from the 
group consisting of -CN, -CO^R^ -C(0)NR^R\ -C(0)-R\ -NOj. -OR\ - SR'. - NB7R\ 
-NR^C(0)OR^ -NR^C(0)R\ Ci-Cio alkyl, C,.,o-alkcnyI, C,.io-alkoxy, Q-^:^ cycloalkyl, 
C^-C|4 aryl, OtCja alkaiyl, Ca^:^ heteroaryl, Q-C^s alkhcteroaryl, substituted C,-C,o 
alkyl, substituted C2.to*^ettyl, substituted C,.io*alkoxy, substimted CyCio cycloalkyl, 

30 substituted C4-C23 dUcheteroaryl and Q-Ar; 
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wherein if W is a substituted group, it is substituted by one or more substituents 
independently selected from the group consisting of -CN, -CO^, -C(0)R\ 
-C(0)NR'R^ -0R^ -SR^ -NR'R' , NO^, -NR^C(0)R^ . -NR^C(0)OR^ and halogen up 
to per-halo; 

5 wherem each R'' is mdqjendently selected from H, Ci-C,o alkyl, C2.,o-all^^yl» 

Pj-Cjo cycloalkyl, C^,4 aryl. C3*C,3 hetaiyl, Crf^ alkaryl, C4-C23 alkheteroaryl, up 
to per-halosubstituted Ci-Cio alkyl, up to per-halosubstituted Cj.iQ-alkenyl , up to per- 
halosubstituted Q-Cio cycloalkyl, up to per-halosubstituted C^-C^^ aryl and up to per- 
halosubstituted C3-C13 hetaryl, 
10 wherein Q is -N(R>, -(CHj) ^, .C(0)-, -CH(OH>. -(CH^JO-, 

.NR'C(0)NRV-, .NR'C(0K -C(0)NR\ <CRd^^ -(CH2)„N(R>, -OCCHj)^-, 
<3DP. -CXV, -S-(CH^„- and •N(R')(CH2)„^. 
m = 1-3, and is halogen; and 

Ar is a 5-10 member aromatic structure containing 0-2 members of the group 
15 consisting of nitrogen, oxygen and sulfiur, which is unsubstimted or substituted by 
halogen up to per-halo and optionally substituted by Z^i, wherein „i is 0 to 3 and each Z 
is independently selected from the group consistmg of of -CN, -CO^R^, -C(0)NR^R^. - 
C(0). NR^ -COR^ -NO2, -0R^ • SR^ - NR'R\ -NR'C(0)OR\ -NR^C(0)R\ Q-Cio 
allgri, C3-C10 cycloalkyi, C^Cm aryl, Q-C^ hetaryl. €^€34 alkaryl. C4-C23 
20 aOdieteroaryl, substituted Q-Cjo allgrl. substituted Cj-Cio cydoallgrl, substituted C7-C24 
alkaiyl and substituted €4-03 alkheteroaryl; wherein die one or more substituents of Z 
is selected from the group consisting of -CN, -CO jBi\ -C(0)NRV. -OR^ -SR\ -NO^, 
-NRV , -NR'C(0)R' , -NR^C(0)OR\ 

2S R^*, R^' , R^* are each independently H» Ci.io^alkyl optionally substituted by 

halogen, up to perhalo, C,.|o aOcoxy, optionally substituted by haiogra, up to 
p^aloalkoxy, halogen; NO2 or NH^; 

R^ is H, C,.,o-alkyl, C,.,o alkoxy, -NHCOR*; -NR^COR'; NO,; 
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one of R'' , R*' or R*' can be -X-Y, 

or 2 adjacent R*'-R*' can togetber be an aryl or hetaryl ring with 5-12 atoms, 
5 optionally substituted by C,.,o-alkyl, C,.,o alkoxy, C3.,o cycloalkyl, Cj.io alkenyl, 

Ci.io alkanoyl, C^^j aiyl, C5.12 hetaryl or aralkyl; 
R^ is C).,o-aIkyl optionally substituted by halog^, up to perhalo; 
X is -<:H2-, -N(CH3>, -NHC(0)., -CHj-S-, -S-CH^-, -C(0)-, or -O; and 
X is additionally a single bond wiiere Y is pyridyl; 
10 Y is phenyl, pyridyl, n^hthyl, pyridone, pyrazine, b^izodioxane, benzopyridine, 
pyrimidine or benzottiiazole, each optionaUy substituted by 

C,.,o-alkyl, C|.|o-alkoxy, halogen, OH, - SCH3 or NOj or, ^ere Y is phenyl, by 




or a pharmaceutically acceptable salt thereof. 

15 

2. A method according to claim 1, craiprising administering a con4)ound of 
fomulala 




la 
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^'R»andR«areeachindependentIyH haIoBen r oiu,. • 
by halogen up to Derh«W r « substituted 

ogen up to perhalo; C,.„.alkoxy optionally substituted by at lea.«:f nn . ^ 
group or halogen up to nerhalo r i ™^ «>y at least one hydroxy 

^« optionally substituted bv C 

"•""sra, i.5.„ ftetaryl, optionally substitued by C alkvi r oiu . 

SOP- cr»/^v °^ C,.,o aikoxy or halogen: NO • 

^^-<.c^ <xx,K, ^.co^H., « 



Q 




or 



•CCMS^~^C 



15 '''*^^^'^'-R'«»*°fi«fl«rtoana,y,orhetarylringwith512.t 
P isOorl; 

one of R'. R", R* or R« can be -X- Y 



25 



3. A method according to claim 2, wham 
is H, C,.,ralkyl, C„,^tt<ay,luk)gcoorNO,; 
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-COOR'; -OR'CONHR'; -NHCOR*; -SR*; phenyl optionally substituted by halo 

or C,.,o-alkoxy; NH^J -NCSOaR'):, fiiryloxy, thiophene, pyrole or methyl 
substituted pyrole, 



-N; I -OR'CO-/ \) 



4. A method according to claim 2, wherein R' is CI, F, C4.5-branched alkyl, - 
SOjF or -SO2CF3; and R^ is hydroxy; C,.,o-alkoxy optionally substituted by at least one 
hydroxy group; -COOR*; -OR'CONHR^ -NHCOR*; -SR*; phenyl optionally substituted 
by halo or C,,io-alkoxy; NH2; 'liCSOiR% fiiryloxy. 




5. A compotmd according to claim 2, wherdn R^* is C,.,o*aIkyI or halogen; 
R** is H, Cj.jo-alkyl, halogen, CF, , halogen, NO2 or NH^; and R* is H, C,.jo-alkyl, 
halogen, -NHCOCH3, -N(CH3)COCH3, NO^, 




6. A method according to ckdm 2, whinem R'* is C|.to-dlkyU halogen, CF3, 
halogen, NO, or NHj. 
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7* A method according to claim 2» wherein is C|.,o*alkyI, 
halogen, .NHCOCH3, -N(CH3)COCH3, NO^, 




V 




5 



8. 



A method according to claim 4, wherein is t-butyl or CF3 and R^ h 



IS 



-OCH3. 



9. A method according to claim 2, wherein the disease is mediated by a 
cytokine or protease regulated by p38. 

10 



MMP-1, MMP-3, IL-1, IL-6 or IL-8. 

11. A method according to claim 2, wherein the disease is an inflammatoiy or 
15 immunomodulatory disease. 

12. A meftod according to clahn 2, wherein the disease is osteoarthritis, 
rheumatoid ardiritis, osteopwosis, asthma, septic shock, inflammatory bowel disease, or 
die result of host-versus-graft reactions. 



10. A method according to claim 2, herein the disease is mediated by TNFa, 



20 



25 



13. A mediod according to claim 1, wfaereui the conq)pund of formula I is 

N-<5-t^-ButyI*2*metfaoxyphatKyl>-N'-(4*phenyloxphenyl)urea; 

N-<5-tert43utyI-2-metfaoxyphenyl)-hr-(4-(4-methoxyphaiyloxy)phenyl)ur^ 

N'<54ert-Butyl-2-mcthoxyphenyl>N^4-(4-pyridinyloxy)phenyi)urea^ 

N'<5-tert-Butyl-2-methoxyphenyl>N44-(4-pyridinyhmelhyl)p^ 

N-(5-tert-Butyl-2-methoxyphenyl)-N44-(4-pyridinylthio)phmyl)i^ 

N<5-tert-Butyl-2-methoxyphenyl)-N'K4<4<4,7-methano4H-isou^^ 
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dionyi)methyl)phenyl)uiea; 
N-(5-t«t-Butyl-2-phenyIphenyl)-N'-(2,3-dichlorophenyl)urea; 
N-<5-tert-ButyI-2<3-thimyI)phenyl>NX2,3-dicWoro^ 
N-(5-tert-Butyl-2-(N-methylaminocarbonyI)methoxyphe 
5 dichlorophenyl)urea; 

N-(5-tert-Butyl-2-(N-methyIaimnocarbonyI)niethoxyphenyl) 
N-(5-tert-Butyl-2-(N-morpholmocaxbonyl)methoxyphenyl>N'-(23^ 

<iichloix)phenyl)urea; 
N-(5-tert-Butyl-2-(N-moipholinocaitonyl)methoxyphenyl)-N'-(l-n^ 

10 N-(5-tert-Butyl-2-methoxyphenyl)-N*-(4-(3-pyridinyl)mefe^ 
N<5-tert-Butyl-2-(34eti^ydrofuranyloxy^eayl)-^^ 
N<5-Trifluoromethyl-2-metiioxypheDyI>N^4«m^y^henyl)ure^ 
N-<5-Trifluoromethyl-2-inethoxyphenyl>N'-(4-mediyl-2-fluor^ 
N-<5-Triflttoiomelfayl-2-mettioxyphenyl)-N'-(4-fluon>-3^ 

15 N-(5-TrifluoiomethyI-2-methoxyphenyl)-N*-^4*methyl-3 
N<5-TrifIuoromethyl-2-methoxyphenyl)-hr-(4-metfayl-3-^ 
N-<5-Trifliioromethyl-2-melhoxyphenyl>N'-(2,4-difluorophCTyl)ure^ 
N-<5-Trifluoromethyl-2-methoxyphenyI>N'-(4-phenyloxy-3,5- 
dichloiopheDyI)iirea; 

20 N-(5-Trifluoxomethyl-2-methoxyphenyl)-N44K4-pyridinylm^ 
N-<5-Trifluon)methyl-2-meAoxyphenyl>N-(4-(4-pyridm 
N-(5-Trifluoromethyl-2-methoxyphenyI)-N-(4-<4-pyridm 
N-(5-TriflttoromethyI-2-methoxyphenyl)*N-(3«<4-pyri^ 
NK5-Trifiuoxomethyl-i2-mettioxyphenyl>NX4<3-(N-me%l^^ 

25 phenyloxy)plienyl)*utea; 

N-(5-Fluorosulfonyl)-2*methoxyphenyl)-I^-(4-mettyI^^ 
N-<5-(DiflurometbanesulfoiQrl)-2-metho^ 
N<5*(Dtflun)metiianesuI£myl)-2-me& 
N'<5-(DifIutometbanesdfonyl)-2-metfaoxyphrayl)*^ 

30 fluotophrayOurea; 

N'<5-(Difiuromethanesulfonyl)-2-methoxyphmyl)-N^ 
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fIuorophmyI)urea; 

N-<5-(Diflun>methanesulfonyI)-2-methoxyphenyl)-NH4-^ 
chloiophenyl)uiea; 

NK5-(DifluromeflianesiilfonyI)-2-methoxyphenyl)-N-(4-fluoro^^ 

chlorophenyl)uTea; 

N-<5-(Diflim)methanesulfonyl)-2-methoxyphenyl)-NH4-fluoro-3- 

methylphenyl)urea; 

N<5-(DifluromethanesulfonyI)-2-methoxyphenyI)-N-(2,3-d^ 

N«<5-(Trifluoromethanesidfonyl>2-methoxphenyl)-N-^^ 

N-<3-metfaoxy-2-2i^hthyl)-NX2-fluoiophei]yl)uiea); 

N-<3-Meth0xy*2-n2phAyl)*N'*<4-metfayIphenyI)^^ 

NK3*Methoxy*2-n9h%l)4^H3-fluoropheayI)!i^ 

N<3-Mettioxy-2-n^hthyl)-N'<4-methyl-3-fIuoiophenyI)u^ 

NK3-Meftoxy-2-n^h%l)-l^-<2,3-dimettiylphenyl)urea; 

N-(3-Metfaoxy-2-ii^h1fayl)-NHl-nq>hfliyl)iirea; 

N<3-Meftoxy-2-imphftyl)-N'<4-<4-pyridinyImefhyl)phenyl) 

NK3-Methoxy-2-naphthyl)-NH4-(4-pyridinylthio)phenyl)u^ 

N-<3-Meaioxy-2-naphthyl)-N'-<4-(4-methoxyphcnyloxy)pheny 

N<3-Methoxy.2.ii^hthyl).hr-(4-(4-(4,7-methano-lH4^^ 

dioiiyI)methyl)phrayl)urea. 
N-<2-Hydroxy-4-nitro-5-chlorophenyl)-N'-(phenyl)urea; or 
N<2-Hydioxy-4-2iitn>-5-cUorophenyl>N'-<4-(4i)yri^ 
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14. A compound of formula n 




wherein 



K\ R^ and are each indqjendently H; halogen; C,.,o- alkyl optionally substituted 



by halogen to perhalo; C|.|o-alkoxy optionally substituted by at least one hydroxy 
10 groi?); NOj ; SOjF; -SO^CH^,^; -COOR'; -OR'CONHR*; -NHCOR'; -SR'; Q« aiyl, 
optionally substituted by Ci.io*alkyl» C,.io alkoxy or halogm, Cs.12 hetaiyl, QptiGually 
substitued by Ci.,o alkyl, C,,io alko?cy or halogen ; NHj; -VliSOjBi^; fciyloxy; ' 



2 adjacent R^-R^ can together form an aryl or hetaiyl ring with 5-12 atoms, 
optionally substituted by C,.,o-aIkyl, C,,,o-alkoxy, C3.,o-cycloalkyl, Q.jo-alkenyl, C,.,©- 
15 alkanoyl, C^^-aiyl , C5.,2-hetaiyl, Ce.,2-aialkyl, C6.,2-aIkaryl, halogen; NR^R\ NO^; -CF,; 
-COOR'; -NHCOR'; -CN; ^ONRW; -SO^R^ -SOR^; -SB}; in which R' is H or C,.,o- 
alkyl and R^ is C,.,o-all^l; C|.|o-alkoxy, optionally substituted by halogen up to 
peifaaloalkoxy, 

R^ and R^' are each indqiendently H, C,.,o-allgrU optionally substituted by halogen, 
20 up to peifaalo; halogen; NO2 or NH2; 

R*' is H. C,.„-alkyl halogen, -NHCOR^; -NR*COR>; NO,; 




O 




or 2 adjacent R^**R^ can together be an aryl or hetaryl ring witiii 5-12 atoms; 
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R' isC,.,o-alkyl; 
n isOorl; 

X is -CH,-. -S-, N(CH>. -NHC(0). CH,-S-. -S-CH,-, -C(0>, or -0-; and 
Y is phenyl, pyridyl. naphthyl. pyridone, pyrazine, benzodixane. benzopyridine, 
pyrimidine or benzothiazole, each optionally substituted by 
C,.,o-aIkyl, C,.,o-alkoxy, halogen or NOj or, where Y is phenyl, by 




or a phannaceutically accq>table salt thweof , 
with the provisos that 

(a) ifR'andR'arebothH,oneofR''orRMsnotH, 
(c) R* is phenyl substituted by halogen, alkoxy substituted by hydroxy, 
-SOjCFjH, -OR'CONHR', 




or 



fiiryloxy or -N(SO^% or R*' is 

r r 

and 

(c) the cx)inpouiids have a pKa greater fimn 10. 
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15. A compound according to claim 14, wherein 

is H, halogen or Ci.,o-alkyl optionally substituted by halogen, up to perhalo, NOj, 
-SOjFor-SOjCFj; 

is H, C,.,o-alkyl, C,.,o-alkoxy, halogen or NO2; 
R^ is H, C,.io-alkyI optionally substituted by halogen, up to perfialo; 
R^ is H, hydroxy, CLio^^oxy optionally substituted by at least one hydroxy groiq>; 

-COOR'; -OR^CONHR'; «NHCOR'; -SR^; phenyl optionally substituted by halo 
or C,.,o-alkoxy; NHj; .N(S02R% furyloxy. 



16, A compound according to claim 14, wherein R' is CI, F, C4.5-branched 
alkyl, -SO2F or -SOjCTj; and R^ is hydroxy; C,.io-alkoxy optionally substituted by at 
least one hydroxy group; -COOR'; -OR^CONHR'; -NHCOR'; -SR^ phmyl optionally 
substituted by halo or Ct.io'-aU^oxy; NHj* "NCSO^R^, furyloxy. 



17. A conqiound accoxding to claim 14, wherein R^* is C|.|o-aIkyl or faalogm; 
R^'is H, C,.|o-«dkyl, halogen, CF3 , halogen, NO, orNH,; and R^is H, Ci.io^^dlQrl, 
halogen, -NHCOCHj, -N(CHj)C0CH3, NO2. 




P 



O 
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18. A compound according to claim 14, wherein is t-butyl or CF3 and is 
-OCH3. 

5 

19. A compound according to claim 14, which is 
N-(54ert-Bufyl-2-(N-methylaminocaibonyl)meaioxyphenyl)-N'-(2,^ 

dichlorophaiyl)u]:ea; 
N-(5-tert-Butyl-2-(N-methy]anunocaibonyl)methoxyph»yl)-N'<^ 
10 N-<5-tert-Butyl-2-(N-moipholinocaibonyl)melhoxyphcnyl>N-^^ 
dichlorophenyl)u]:ea; 
N-(S-t^-Butyl-2-(N>mozpholinocazt>onyI)methoxyphenyl)-N'-(l-n^^ 
N<5-t^-Butyl-2-(3-tetiahydiofuranyloxy)phenyl)-NH2^^ 
N-(5-(Difluromethanesulfonyl)-2-methoxyphenyl}-NH4-metfaylp^^ 
1 5 N-(5KDi£IurbmethanesuIfonyl)-2-methoxypfaenyl)-N'-<4-fluorophm^ 
N-(5-(Difluromethanesulfbnyl)-2.methoxyphenyl)-N'-<4-methyl-2- 
fluoiophenyl)urea; 

N-(5-(Difluromethanesulfonyl)-2-methoxyphenyl)*N'-(4*methyl-3- 
fluoiophenyl)urea; 

20 N-(5-(Di£luromethanesulfonyl)-2-methoxyphenyl)-NX4*methyl-3- 
chlozophra[yI)uxea; 

N-(5-(Di£[u]x>metfaanesulfonyI)-2-metfaoxyphenyl>NH4*fl^ 
cl]lorophenyl)utea; 

N-<5-(Difluxomethanesulfimyl)-2-me«hoxyphenyl)-N'K4-£^ 
25 mediy^henyOurea; 
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N.(5-(Difluromethanesulfonyl)-2-nieaox>T)henyl)-NH2,3-dimefliylph^ 



or 



N-(5-(Trifluoromcthanesulfonyl)-2-methoxphenyl)-N'-(4-methylph^ 



5 



20. 



A compound of formula 11 




wherein 

R^ R\ R^, and R^ are each independratly H; halogen; C,.io- alkyl optionally substituted 
by halogen up to perhalo; C,.,o-alkoxy optionally substituted by at least one hydroxy 
10 group; NO2 ; SO^F; -S02CiyC3^; -COOR>; -OR'CONHR^ -NHCOR'; -SR'; phenyl 
optionally substituted by halogen or C,.,o-alkoxy; NH^; -NCSO^R^; fiiryloxy; 



2 adjacent R^-R^ can together form an aryl or hetaiyl ring with 5-12 atoms, 
optionally substituted by C,,,o-alkyl, CLjo-alkoxy, C3.,o-cycloalkyl, Cj-io-alkrayl, C,.io- 
15 alkanoyl, C«.,2-aiyl , C5.,2-hetaryl, Qn-araBcyl, C6.,2-aIkaiyl, halogen; -NR"; -NOj; -CF3; 
-COOR'; -imCOR}; -C3^; <:ONR'R^ -SOjR*; -SOR^ -SR^ in which R' is H or C,.,o- 
alkyl and R^ is C|.,o-a]kyl; 

R^ R^' and R'' are each indq>endently H, C,.|o-allQ^l« optionally substituted by halogen. 




iq> to peihalo; halogen; NO2 or NH,; 
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is H, C,,,o-alkyI, halogen, -NHCOR'; -NR^COR'; NO^; 

R' is C,.,o-alkyI; 
n isOorl; 

X is -S- or -Os and 

Y is phenyl, pyridyl, luphthyl or benzothiazole, each optionally substituted by 
Ci.jo-alkyl, C,.,o-alkoxy, halogen or NO2 or, where Y is phenyl, by 



or a pharmaceutically acceptable salt fliereof 
with the provisos that 

(a) if R^ and R* are both H, one of R* orR* is not H, and 

(b) R* is alkoxy substituted by hydroxy, -SO2CF2H, -OR^CONHR*, 





O 



furyloxy or -N(S02R')2; or R*' is 




21. A phannaceutical composition comprising a compound of claim 14, and a 
physiologically accq^table carrier. 
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22. A phannaceutical composition comprising a compound of claim 20, and a 
physiologically acceptable carrier. 
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